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At a maetiog of the School Commillee of Ihe City of Boston, May B, 
1838, 

Voted, That Parker's Compendium of Natural and ExpcrimentHl Phi- 
loBojrfiy be adopted aiid used ua a tent-book in our public schools. 
Attest, 

S. F. McCle*bt, Secretary. 



Hon. SAMUEL ATKINS ELIOT, 



The Public Schools of this city are under many obligatiana to yon, far 
tJie interest yon have taken in them, and far youi disiuteieeted exertions 
for their improioment. This volume, designed to supply a want whidi 
they have long felt, affords an opportunity of acknowledgiug the obliga- 
tion, which I gladly embrace. The gratification which I feel in seeing 
you at the head of our municipal iiutitutious, 1 beg leave to exprc^ in 
borrowed langu^o : — 



sic oblatam, noatram civitatom gratulandi, reniti noQ posaum. Qnce omuii 
solila tua benevotenta ut accipias quseao. 

I am. Sir, very rcBpectfuIly, 

Your obedient Servant, 

RICHARD GREEN PARKER 



Entered, according to Act of Congress, i 
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PEEFACE. 



Thi School Commillee of Uie eily of Boston having recently furaBhed 
the Grammar Schools with apparatus for exemphfying the principles of 
Natural Philosophy, the author of this work, who, for iwenly yeare, has heen 
at the hoad of oae of these large establishmenls, aud has felt the want of 
an elementary trealiee iineticumbeted with extraneous matter, has been 
induced to attempt to supply the deficiency. If he is not deceived in the 
result of his labors, the work will commend itself to notice by the follow- 
ing features : 

1. It a adapted Co the present statt of natural science ; embraccB a 
wider field, and contains a greater amount of mformation on the tespectivB 
BubjeelB of which it treats, than any other elementary treatise of its size. 

3. It contains engravings of the Boston School tet oj philosophical 
apparatus; a description of tho instruments, and eu account of many ex- 
periments which can be performed by means of tho apparatus. 

3. It is enriched by a representation and a description of the Locomo- 
ti-Bt and the Siationary Steam Engines, in their latest and most approved 

4. Besides embracing a copious account of the principles of Electricity 
and Magnetism, its value is enhanced by the introduction of the scieuce 
of Pyronomics, leather with the new scioncea Electro-Magnetism and 
Magneto- Electric i ty. 

5. It is peculiarly adapted to the convenience of study and of recitation, 
by the figures and diagrams being first placed Hide by side with the Illue- 
IratioiiE, and then repealed on separate leaves at the end of the volume. 

allusion in made throughout the volume- 
while (he deductions from these principles, and the illufltrations, are con- 
tained in s smaller lettor Much uiefnl and intereHing matter is also 
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6 PREFACE. 

crowded into notus at the liottciin of the page. By this arrange msnt, tho 
pupil cau nETBr bo at a lots to distiiiguiBh the parts of a lesson which are 
of primary importance ; nor will he be in danger of mistaking theory and 
conjecture for fact, 

7. It conlaina a number of original Hlusttatons, which the author has 
found more intelligiblo to young studeuls, than those with which he has 

8, Nothing has been omitted which is usually contained in an elemen- 
tary treatise. 

A work of this kind, from its very nature, admits but Uttle originality. 
The whole circle of the eciencee coueiEts of priuciples deduced from the 
discoveries of diiferent individuals, in different ages, thrown into common 
stock. The whole, then, is common property, and belonga eicluaively to 

must rest solely on the jiidicioueness of its selections. In many of the 
works from which extracts have been taken for thie volume, the author has 
found the same language and eipresaona without the usual marks of quo- 
tation. Being at a loss, therefore, whom to credit for some of the eipres- 
sione which he has borrowed, he subjoins a iist of the works to which he 
is indebted, with this general acknowledgment ; in the hope that it may 
be said of him as it was once said of the Mantuan Bard, that " he has 
adorned his thefts, aud polished the diamonds which he has atolea." 

It remains to be stated, that the Questions at the bottom of the page, 
thron^out tiie volome, were not written by the author, but were prepared 
by another baud- 
It. G F 

Boston, Marck, IHAB. 
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ADVERTISEMENT 

TO THE SEVENTEENTH EDITION 



Ten years have elapsed since this work first appeared 
in permanent form from the hands of the stereotyper. 
During this time, the author has been gratified to learn 
that sixteen editions have been called for by the pub- 
lic ; but this gratification has been mingled with re- 
gret that he has been unable from time to time to make 
such improvements as he knew were needed, and which 
the progress of science, as well as a more extended ex- 
perience, seemed imperiously to demand. He gladly 
avails himself of the present opportunity, aiTorded by 
the new publishers into whose hands it has fallen, to 
make such improvements as in his opinion will render 
it more worthy of the liberal patronage it has received; 
for although it is a long time since the author has had 
any pecuniary interest in the work, he hopes that it is 
not true that he has had " no further solicitude." 

The necessity of a revision of the work at this time 
will appear from the following statement. By a vote 
of the School Committee of Boston in 1836, a certain 
portion of philosophical apparatus was introduced into 
the Grammar Schools, as an experiment. The appara- 
tus was designed to unite economy with simplicity, and 
was confined to the departments of Pneumatics and 
Electricity. To this apparatus the book was specially 
adapted, though not wholly confined. By a recent vote 
of the Committee, (August, 1847,) apparatus of superior 
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construction, and embracing a much wider field, was 
substituted for the cheap and defective sets that were at 
first introduced. , It becomes necessary, therefore, in a 
volume prepared with special reference to the wants of 
the Boston schools, to have regard to the construction 
and the character of the instruments by which the prin- 
ciples of physical science are illustrated in these large 
establishments ; the author has therefore deemed it ex- 
pedient to make such a revision of the whole work, as 
will not only render it a convenient manual to accom- 
pany the new apparatus, but also embrace the recent 
improvements and discoveries by which the branches of 
science of which it treats have been enriched. A sched- 
ule of the new apparatus is subjoined ; and the author 
indulges the expectation that the present edition of this 
work will be found more worthy than Us predecessors 
of the favor which the public have bestowed upon it. 
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SCEElIIll IP PmiOSOPHICAI, IPPAHAIUS F«I1 IJE lOSTON 
GRAIIUR SnOOIS.* 



Apparatus for illustrating laerlis. 

Pair of Lead Hemispiieies, for Cohesion. 

Fail of Glass Plates, for Capillary Attraction. 



Set of eight IlluBlrationB for Centre of Gravity 
Sliding Frama for Composition of Forces. 
Apparatus for illustrating Central Forces. 

MECHAHICB. 



Bent Glass Tube for Fluid Level. 
Mounted Spirit Level. 
Hydrometer and Jar, for Specific Gravity. 
Scales and Weighta, for Specific Gravity. 
Hydrostatic Bellows, and Paradox. 



Lifting, or Common Water-pump. 

Forcing Pump; illustrating the Fire-engine, 

Glass Syphon-cup ; for illustratiug intermitting Springs. 

Glass and Metal Syphons. 

PNEUMATICS. 
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I. APPARATUa. 
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ElEOTRtCnV, 
Plate Electrical Machine. 
Pith-ball Eloclromeler. 
Electrical Battery of four Jara. 
Electrical Discharger. 
Image Plates and Figure, 
losulated Stool. 
Chime of Bolls. 
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MAONGTISM. 
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INTKODUCTION. 



The term Philosophy literally signifies, the love of wisdom ; 
but, as a general term it b used to denote an explanation of the 
reason of things, or an investigation of the causes of all ph6- 
i, both of mind and of matter. 



When applied to any particular department of knowledge, 
the word Philosophy implies the collection of general laws or 
principles, under which the subordinate facta or_ phenomena 
relating to that subject are comprehended. Thus, that branch 
of Philosophy which treats of God, his attributes and perfec- 
tions, is called Theology ;* that which treats of the material 
world is called Physics, or Natural Philosophy ; that which 
treats of man as a rational being, is called Ethics, or Moral 
Philosophy ; and that which treats of the mind is called In- 
tellectual Philosophy, or Metaphysics.f 

■ The word Theology is derived from two Greek worda, Ihe former 
of which (een!) sigoilies God, and the latter (Xo^^t) means n discourse ; 
and these two worda combined in the term Theology, literally imply 
a discourse about God. The latter of these two Greek words {Xoyat 
or logon) is changed into logy to form English compounds, and it eaters 
into the composition of many scientific terms. Thus, we have tlie words 
mineraiog-y, the Bcieuce of minerals; meteoroiflgy, the aoience which 
treats of meteors; ichthyoto^, the science of fishes; eiitomok^, the 
science of insects; litholag-y, of stones; conchoiog^, of shells, &<!. 

t The word Metaphysics b composed of two Greek words, Mela, (or 
(UTo,) which signifies beyond, and phusis, (or ^uict,] which signifies nature, 
and in compoai^on these words imply something beyoad nalUTp. £Yom 
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H INTKODUCTIO.V. 

All material tilings are divided into two great classes, called 
organized and unorganized matter. Organized matter is that 
which is endowed with organs adapted to the discharge of ap- 
propriate functions, such as the mouth and stomach of animals, 
or the leaves of vegetahles. By means of such organs they 
enjoy life. Unorganized matter, on the contrary, possesses no 
such organs, and is consequently incapable of life and volun- 
tary action. 

Physical Science, or Physics, with its subdivisions of Natural 
History, (including Zoology, Botany, Mineralogy, Conchology, 
Entomology, Ichthyology, &c.,) and Natural Philosophy, inclu- 
ding its own appropriate subdivisions, embraces the whole field 
of organized and unorganized matter. 

The tenu Natural Philosophy is considered by some authoia 
as embracing the whole extent of physical science, while others 
use it in a more restricted sense, including only the general 
properties of unot^anized matter, the forces which act upon 
it, the laws which it obeys, the results of those laws, and all 
those external changes which leave the substance unaffected. 
It is in this sense that the term Is employed in this work. 



Chemistry, on the contrary, is the science which investigates 
the composition of material substances, the internal changes 
which they undergo, and the new properties which they ao- 



the latter of theae worda, phasiB, (^umc,) we obtain the term physics, which 
ia Wtt most extended sense implieB the science of nature and natural objects, 
comprehending the study or knowledge of whatever ejists. The natural 
division of all things that exist is into body and mind — things material and 
immaterial, spiritaal and corporeal. Fhyncs relates io material things — 
MetaphyaicB to immaterial. Man, as a mere animal, is included in the 
ecienee of PhyHce; but, as a being posseseed of a soul, of inteilect, of 
poweis of perception, oonsoiooanesa, volition, reason, and judgment, ha bo- 
comee a subject of cotaideration in the science of Metaphysics. 
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INTRODUCTION. 15 

quire by such changes. The operations of Chemistry may he 
described under the heads of, Analyas or decomposition, and 
Synthesis or combination. 

Natural Philosophy may be said, pre-eminently, to treat of 
motion, ■while Chemistry particularly relates to change or al- 
teration. By the former we become acquainted with the con- 
dition and relations of bodies as they spontaneoTisly arise 
without any agency of our own. The latter teaches us how to 
alter the natural arrangement of elements to bring about some 
particular condition that we desire. To accomplish these ob- 
jects in both of the departments of science to which we refer, 
we make use of appliances called philosophical and chemical 
apparatus, the proper use of which it is the office of Natural 
Philosophy and Chemistry respectively to explain. AU philo- 
Bophical knowledge proceeds either from observation or experi- 
ment, or from both. It is a matter of observation that water, 
by cold, is converted into ice ; but if, by means of freezing 
mixtures, or evaporation, we actually cause water to freeze, 
we arrive at the same knowledge by experiment. 

By repeated observations, and by calculations based on such 
observations, we discover certain uniform modes in which the 
powers of nature act. These uniform modes of operation are 
called laws; — and these laws are general or particular accord- 
ing to the extent of the subjects which they respectively em- 
brace. Thus, it is a general law that all bodies attract each 
other in proportion to the quantity of matter which they con- 
tam. It is a particular law of electricity that similar kinds 
repel, and dissimilar kinds attract each other. 

The coliection, combination, and proper arrangement of such 
general and particular laws, constitute what is called Science. 
Thus, we have the science of Chemistry, the science of Geome- 
try, the science of Natural Philosophy, &c. 
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16 INTKODUCTION. 

The terms, art and science, have not always been employed 
witii proper discrimination. In general, an art is that whiuh. 
depends on practice or performance, while science is the ex- 
amination of general laws, or of abstract and speculative prin- 
ciples. The theory of music is a science ; the practice of it is 
an art. 

Science differs from art in the same manner that knowl- 
edge differs from skiU. An artist may enchant us with his skill, 
although he is ignorant of all scientific principles. A man of 
science may excite our admiration by the extent of his knowl- 
edge, though he have not the least skill to perform any opera- 
tion of art. Whea we speak of the mechanic arts, we mean 
the practice of those vocations in which tools, instruments, and 
machinery are employed. But the science of mechanics ex- 
plains the principles on which tools and machines are construct- 
ed, and the efiects which they produce. Science, therefore, 
may be defined, a collection and proper arrangement of the 
general principles or leading truths relating to any subject; 
and there is this connection between art and science, namely — 
" A principle in science is a rule of art." 
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NATURAL PfllLOSOPHY 



DIVISIONS OF THE StTBJECT. 

1, Natohal Philosophy is the science which treats 
of the powers and properties of natural bodies, their 
mutual action on one another, and the laws and opera- 
tions of the material world. 

2, Some of the principal branches of Natural Philos- 
ophy are. Mechanics, Pneumatics, Hydrostatics, Hy- 
draulics, Acoustics, Pyronomics, Optics, Astronomy, 
EIectricity,Galvanism,* Magnetism, Electro-Magnetism, 
and Magneto- Electricity. 

1. Mechanics is that brancli of Natural Philosophy which 
relates to motion and the moving powers, their nature and 
laws, with their effects in machines, &c. 

2. Pneumatics treats of the nature, propcities, and effects 
otaiT. 

* It may perliupa be queBtioned whether the subjects of Galvaulam, 
Electro- Magnetieni, aud Magneto- Electricity, do aot more property fall 
within tha province of Chemietry, as tlicy describe effects depsndeut on 
chemical action. As this volume is designed for the diffusion of useful 
iufoimation, a strict adherence to rigid classilication has not heen deemed 
so important, as to exclude the notice of subjects so intimately coni]ect«d 
Vi'ith one of the most interesting brEiuches of Nutural Philosophy. 

1, What is Natural Philosophy? 

9. What are the principal branches of Natural Philosophy? What ia 
Mechuiiica? Of what does Pueumatics treat? 
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18 NATURAL PHU-WSOrHT, 

3. Hydrostatics treats of the Dature, gravity, and pressure 
of fluids. 

4. Hydraulics treats of the motion of fluids, particularly of 
water ; and the construction of all kinds of instnunents and 
machines for moving tliem. 

5. Acoustics treats of the nature and laws of sound, 

6. PyroQomics treats of heat, the laws by which it is gov- 
erned, and the effects which it produces. 

7. Optica treats of light, of color, and of vision, or sight. 

8. Astronomy treats of the heavenly bodies, such as the sun, 
moon, stars, comets, planets, &c. 

9. Electricity treats of thunder and lightning, and the causes 
by which they are produced, both naturally and artificially. 

10. Galvanism is a branch of Electricity. 

11. Magnetism treats of the properties and effects of the 
magnet, or loadstone. 

12. Electro-Magnetism treats of Magnetism induced by 
Electricity. 

13. Magneto-Electricity treats of Electricity induced by 
Magnetism. 



CHAPTER II. 

OF matter' and 

3. Matter is the general name of every thing that 
occupies space, or has figure, form, or extension. 

• The ancient philosophers sapposed that all inaterial subslanceB wera 
composed of Fire, Air, Earth, and Water, and these fonr substances were 
calleil the four elrmentx, because they were supposed to be tlie simple 
Bubetances of winch all things were composed. Mudem science haa 
proved that not one of these la a e mple substance, hnt that there are at 
least fifty-Jive s mple substances thirty-two of which are metallic and 
twenty-four iioa metsll c Tlie foiisideratlon of those substaQoes which 
entor into the composition of all matter, in whatoTer form, belongs to 

Of whatdoesHylroHfat estreat' Hydraulics? Acoustics? Pyronomips? 
Optics? Astronomy? Electricity? Of what is Galvanism a branch? 
Of what does Magnetism treat? Electro-Magnetism? Maeuelo-Elec- 
tridty? 

3. What is Matter? 
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MATTEE AND 1- 

4. There are seven essential properties belonging to 
all matter, namely: 1. Impenetrability, 2, Extension, 
3. Figure, 4. Divisibility, 5. Indestructibility, 6. Inertia, 
and 7, Attraction. 

1. These are called essential properties, because no particle 
of matter can be deprived of them, or exist without them. 

2. There are certain other properties existing in different 
bodies, called accidental properties, because they do not ne- 
cessarily eicist in the bodies themselves, but depend upon their 
connection with other bodies. Thus, color and weight are ac- 
cidental properties, because they do not necessarily exist in the 
bodies that possess them, but depend upon tlieir connection 
with other things. 

3. There are also certain terms used to express the state in 
which matter exists, such as Porosity, Density, Rarity, Com- 
pressibility, Expansibility, Mobility, Elasticity, Brittleness, Mid- 
leabihty, Ductility, and Tenacity. 

5. Impenetrability is the power of occupying a cer 
tain space, so that where one body is, another cannot 
be, without displacing it, 

1. Impenetrability belongs to fluids as well as solid bodies. 
The reason why fluids appear less impenetrable than solid 
bodies, is, that the particles of which they are composed move 

Iha BCience of Chemiatty. Bodias which consist of one simple eubelanoe 
are called Aumogeneiias, while those which coDast of two or more sim- 
ple substances are called heterogcne<ius. Thus, water is a hoteroge»coitB 
BolHlaiice, being composed of two simple or homogeDcouB aecifbcm fluids, 
called Hydrogen and Oxygou. An aeriform fluid is a fluid in the form of 
air. When the particles of which matter is composed is men^oned, it is 
to be Dodeialood that the Emallest imaginable por.ion is meant, not of ths 
homogeneous aubstancm of which it may be composed, but of tlie matter 
itieir, whether homogeneous or heterogeneous. 

4. How many essentia! propertieaof matter are there? Whalaretheyl 
Why are they called essential properties? What other properties exist in 
dilferent bodies? Why are Ihey called accidental properties? Are color 
and weight essential or aocideutal ptopertiea? Why! Whatlermaars 
used in Fiiiiosophy to express the state in which matter exists! 

5. What is mea,iit by Impenetrability ? Does impejietrability liclong lo 
fliiida? Why do jliiiila appear less Imponettable than solid bodies? What 
IB tofpaaed (o be the form of the particles of fluids? 
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20 NA'n;KAi. PHii.oaoi'iiY. 

easily among themselves, on account of their slight degree of 
cohesion.* 

3. Put some water into a tube closed at one end ; and then 
insert a piece of wood that fits closely the inside of the tube. 
It will be impossible to force the wood to the bottom of 
the tube, unless the water be first removed. The same ex- 
periment may be made with air instead of water ; and proves 
that water, air, and all other fluids are equally solid, or im- 
penetrable, with the hardest bodies. 

3. The impenetrabiUty of water was shown by an experi- 
ment made at Florence many years ago. A hollow globe of 
gold was filled with water, and submitted to great pressure. 
The water was seen to exude through the pores of the gold, 
and covered it with a fine dew. 

4. When an open vial, not inverted, is plunged into a basin 
of water, the air will rush out in bubbles, to make room for 
the water; and if an inverted tumbler or goblet be immersed 
in water, the wa1«r will not rise far in the tumbler unless it be 
inclined so that the air can escape. These are further proofs 
of the impenetrability of air. 

5. When a nail is driven into wood, or any other substance, 
it forces the particles asunder, and makes its way between 
them ; and the wood is not increased in size by the addition 
of the nail, because wood is a porous substance, the particles 
of which may be compressed, and thus mate way for the 

* It is a well-known fact, that a certain quantity of aalt, [he particles 
of which are supposed to be smaller thaa those of water, can bo put iato 
a vessel full of water, without causing it to overflow ; and as (he particles 
of which sugar is composed are smaller than tliuse of salt, a portion of 
sugar may be added after the fluid is saturaiod with 
accDoDted for by supposing that the particles of fluids 
are round, and therefore touch one another only in a 
few points. There will be spaces between the parti- 
cles in the same mauner that there are between large 
balls which are piled on one another. Between these 
spaces other smaller balls may be placed ', and these 
smaller balls, having spacea between them, will ad- 
mit others sljll smaller, as may be seen in Fig. 1. 

What follows from thisT What figure illustrates this? What example 
can you give to prove the impenetrability of water! What of the airl 
WLal of solids? 
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MATTliK AfiD ITS PBOPERTtES. 21 

6. Extension is but another name for bulk, or size ; 
and it is expressed by the terms length, breadth, width, 
height, depth, and thickness.' 

7. Figure is the form or shape of a body. Two cir- 
cles or two balls may be of the same shape or figure, 
while they differ in extension. The limits of extension 
constitute figure. 

8. Divisibility is susceptibility of being divided. To 
the divisibihty of matter there is no known limit, 

1. A singlo grain of gold may be hammered by a gold- 
beater Tinfil it will cover fifty square incHes ; each square inch 
may be divided into two hundred strips ; and each strip into 
two hundred parts. One of these parts is only ime two-mil- 
lionth part of a grain of gold, and yet it may be seen with the 
naked eye. 

2. The particles which escape from odoriferous objects also 
afford instances of extreme divisibility. 

9. By the Indestructibility of matter is meant that it 
cannot be destroyed. It may be indefinitely divided, 
or altered in its form, color, and accidental properties, 
but it must still continue to exist in some form through 
all its changes of external appearance. 

1. When water disappears, either by boiling over a fire, or 

' Length L8 the extent fraiD ead to end. Breadth or width ia the ex- 
tent from side to side. Height, depth, or Ihicfciiesa, is the estent from the 
(op to the bottom. Ilie measure of a hody from the bottom to the top is 
called height ; from the lop to the bottom k called depth. Thus we epeak 
of the depth of a well, Ihe height of a house, &c. 

6. What is meant by Exteu^on? What tenne are used to express (he 
eiie of a bodyl What is length 1 Breadth? Height, depth, or thick- 
oeee 7 What is the difference between height and depth ? 

7. What ia meant by Figure! May bodies be of the same shape or 
figure and of diSereat dimensions? Give an example. What coastitutea 
figure T 

e. What is mrant by DivisibiJity? Is there any knovra limit to the 
divi^bi'ity of matter! Mention some examples of the extreme divisibility 
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evaporating by the heal of the s in o n ti er wards when 
" il dries up" it rihes slowly in the torm jf steam or vapor. 
This Tapor ascends in the air and i,onstitutes clouds these 
clouds again faU to the earth in the shape of rain snow, or 
hdil, and form springs fountains mere A.c The water on or 
in the earth, therefore is constantly changing its si ipe or 
situatiun, hut no parficle of it is e^er actually destrojed 

2. The simple substan es ot whi h fuel is composed are not 
destroyed when the fuel is burnt Parts of them ar se n smoke 
or vapor, and the remainde is reduced to ashes A body in 
burning undergoes remarKiiole changes ; but the various parts 
into which it has been separated by combustion, continue in 
existence, and retain all the essential properties of bodies. 



matter 



10. Inerti ' th ' t wh' 1 
makes to a ch e; h h 

A body a 
a body in m 

A body, w mm wil 

ever, unless it pp d W 

from the hand 
to stop it, nam h 
all motion wli d m 

mechanical pow 

the combined i-tio i of t ese o B t 

could these forces he suspended, the 
body in motion would continue to move 
forever. 

Fig. 2 represents the simple apparatus 
of Mr. Wightman, for illustrating iner- 
tia. A h^l and a card being placed 
upon the pillar, motion is given to the 
card by means of a spring, but the ball 
remains on the pillar. 

11. Attraction is the tendency which different bodies 
or portions of matter have, to approach or to adhere to 
each other. 




10. What is meant by laertiaT Caa a body at 
^on? Can a body in motion stop itself? When a 
{com the hand, how many forces cantinually operi 
are iheyl How could a body in motion bs made I 
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Every portion of matter is attracted by every other 
portion of matter, and this attraction increases as the 
quantity of matter is increased, and diminishes as the 
quantity of matter is diminished. 

1-2. There are two kinds of attraction belonging to 
all matter, namely, the attraction of gravitation and the 
attraction of cohesion. 

The attraction of gravitation is the tendency of dif- 
ferent bodies to approach each other. 

The attraction of cohesion is that which causes the 
particles of a body to cohere to each other. 

By the attraction of gravity, a stone falls to the 
ground. By the attraction of cohesion, the particles 
which compose the stone are held together. 

1. All matter is composed of very minute particles, which 
are connected together in different bodies by different degrees 
of cohesion.* 

2. The particles of which bodies are composed absolutely 
touch one another in few points only. There are small spaces 
called jiioreat between the particles ; and the proportion of 
these pores gives rise to the terms density and rarity. A body 
in which the pores are small and few in number, is called a 
dense body. When the pores are large and numerous, the 
body is said to be rare. 

Density, tiierefore, implies the closeness arid compactness of tlte 

• Cohesive attraction is illuslratBtt by maans of a pair of leaden kem 
jspSerf s, wliich lieiug pressed togetlier, will be found to eehtre. The ei- 
peciment may be mado with equal success with two bullets BCiaped emooth 
at the points of ooiitact. 

t The pores of bodies are generally filled willi air. 

11. What la atttactioa! la eyeiy portioQ of matter attracted by every 
other portion of matter) How does this attraction increase and diminish} 

19. How mauy kind^ of allractioii are lliere belonging to all matter? 
What is the attraction of gravitation, or gravity? What is the altraotion 
of coheaon, or cohesive attraction? What canses a stone to fall fa the 
ground? By what are the particles which compose the stone held to- 
gether? Of what is matter composed? la tiie cohesive power which 
unites them the same in all bodies ? How may coherive attraction be il- 
lustralod? Do the particles of matter in bodies sbsolntely touch each 
other? What ate the spaces betweeii them called ? 
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IHirlicks of a body, and indicates the quantity of matter contained 
in it under a given bulk. 

Mariiy is the reverse of density, and implies extension of hulh, 
v'itliOiil increase of quantity of matter. 

1 3. Compressibility implies the reduction of the limits 
of extension. Of this all substances are susceptible if a 
sufficient force be applied.* 

14. Expansibility is the reverse of compressibility, 
and implies the increase of the limits of extension. 

15. Mobility implies susceptibility of motion. 

IG. Elasticity is the property which causes a body to 
resume its shape aiVer being compressed or expanded. 

Thus, when a bow is bent, its elasticity causes it to resume 
its shape. India-rubber possesses this property in a remaik- 
able degree, but the gases in a still greater. The elasticity of 
ivory is very perfect, that is to say, it restores itself after com- 
piession with a force very nearly equal to that eiened in 
compressing it. Liquids, on the contrary, have scarcely any 
elasticity. 

17, Malleability implies susceptibility of extension un- 
der the hammer or the rolling- press. This property be- 
longs to some of the metals, as gold, silver, iron, copper, 
&c., but not to all ; and it is of vast importance to the 
arts and conveniences of life. Gold is the most malle- 
able of ail metals. 

18. Brittleness is the reverse of malleability, and im- 
plies aptness to break into irregular fragments. This 
property belongs chiefly to hard bodies. 

• Sir leaao Newton conjectured, that if the earth were so compreesed 
SB to be absolutely without pores, its dimensions might not be more than a 
cubic inch. 

What do you uHderstand by density? Wliat by rarity? 

13. What iscompreasibility? Are al[ eubetancea Huacep^ble of it? 

14. What is elpanahility 1 

15. What is mobility t 

Ifi. What is elasticity! Wliat subataaoe poaeessea this properly in a 
remarkable degree? 

17. What is nidlealBhlyl Does (hie property belong to all the molals! 
What metal possesses it In the highest degree 1 

18. What IB brittleness? What bodies are most britlle? 
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19, Ductility is that property which renders a sub- 
stance susceptible of being drawn into wire. 

Platina is the most ductile of all metala. It can be 
drawn into wire scarcely larger than a spider's web. 

30 Tenacity implies a great degree of adhesion among 
the particles of bodies. The tenacity of bodies consti- 
tutes their strength, or their capability of sustaining 
weight. Iron, on account of its fibrous structure,is very 
tenacious. 



OF GRAVITY. 

21. The term Gravity, in Philosophy, expresses the 
reciprocal attraction of separate portions of matter. 

All matter possesses this attraction, and all bodies 
attract each other with a force proportionate to their 
size and density, when at a given distance from each 
other. 

A body unsupported falls to the earth. This is caused by 
the superior attraction of the earth, arising from its density 

22. The attraction of gravitation causes vifeight. 

1. When we say that a body weighs an ounce, a pound, or 
a hundred pounds, we express, by these terms, the degree of 
attraction by which it is drawn towards the earth. 

2. Weight, therefore, is the measure of the earth's attraction. 
As this attraction depends upon the quantity of matter there 
is in a body, it follows that tiiose bodies which contain the most 
matter will be most strongly attracted, and will consequently 
be the heaviest. 

19. What JB ductility 1 Which » (he raosl dnctile of the metalB? 

20. What is tenacity? Which is the moat tenadous of the metals! 

21. What do yon underaland by the term gravity? Do all hodiss pos- 
BU3 this aUraction ? To what is its force proportional ? If a body bo UL 
■npportud, will it remain olationary 1 Why wi!i It fall ? 

22. What causes weight? When yon say that a body weighs an rnuo* 
what do you mean by it? What, therefore, la weight? 

2 
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23. The force of gravity is greatest at the surface of 
the earth, and decreases both upwards and downwards, 
but in different degrees," 

It decreases above the surface as the square of the 
distance from the centre increases. From the surface 
to the centre it decreases, simply as the distance in- 
creases. That is, gravity at the surface of the earth 
{which is about 4000 miles from the centre) is four times 
more powerful than it would be at double that distance, 
or 8000 miles from the centre. 

According to the principles just stated, a body which at 
the surface of the earth weighs a pound, at the centre of the 
earth will weigh nothing. 

1000 miles from the centre it will weigh ^ of a pound, 
2000 " " " " " " i of a pound, 

3000 " " " " " " I of a pound, 

4000 " " " " " " 1 pound, 

8000 " " " " " " i, 

12000 " " " " " " I, &c.f 

• The force of gravity is absolutely greatest at the centra of the earth ; 
tut at that point it is eierted in all direclioas, and consequently a body at 
that point would remain stationary, because there is no supcnor attraction 
(or it to obey. 

t It followa from what has been Mated, with regard to weight as a con- 
sequence of attraction, that if there were but one body in the universe, it 
would have no weight, because there would be aothiog to attract it. But 
cohesive attractiou would etrll exist, and keep the particles which compose 
the body united. As the attraction between all bodies is mutual, it follows 
that when a stone or any heavy body fulls to the earth, the earth wilt rit^e 
to meet it. But as the attraction le in proportion to the quantity of matter 
each contaiiifl, the stone will fa!! as much farther than the earth rises, as 
the earth exceeds the stone m mass. Now the earth is one quatrillion, 
that la, one thousand million millions times larger than the largest body 
which has aver been known to fall through our atmosphere. Supposiiig, 
then, that such a body should fall through a dietaLice of 1000 feel — the 
earth would rise no mora than the hundred billionth part of an inch, a dis- 
tance altogether imperceptible to our senses. The principle of mutual at- 
traction is not confined to the earth. It extends to the sun, the planets, 
comets, and stars. The earth attracts each of them, and each of them 
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24. The direction in which falling bodies approacii 
the surface of the earth, is called a vertical line.' Such 
lines are everywhere perpendicular to the surface, and 
when prolonged will meet nearly at the centre of the 
earth. 

For this reason no two lines suspended 
by weights, will be parallel to eacli other. *'i8. >■ 

Even 8, pair of scales, hanging peipendicular 
to the earth, are not exactly parallel, because 
they point to the same spot, namely, the 
centre of the earth ; but the convergency is 
BO small, that their inclination is not percepti- 
ble to our senses. [See Fig. 3.] For the 
same reason no two bodies can fall to the 
earth in parallel lines. 

25. According to the Jaws of attraction, all bodies at 
an equal distance from the earth will fall to it in the 
same space of time, if nothing impede them. But bodies 
of different density fall with different degrees of velocity, 
on account of the resistance of the air ; and as heavy 
bodies overcome this resistance more easily than light 
ones, the former will fall with the greater velocity. 

The resistance which the air opposes to the fall 
of bodies, is proportioned to their surface, not to their 
weight. 



aliracta the earth, and these mutual attracKoi 
the power of God, as to cause the regular 
bodies, the diversity of the seasons, the succe 

by a weight SLVjpended at rest from a string, 
ed ie usually of Uad, the term plumb, from 
applied to Ihe line. 


IS are so nicely balanced by 

ssion of day and night, sum- 
1 which are described iu as- 

mh-line, because it is formed 
As the weight thus employ- 
Ihe Latin plumbum, lead, 18 


34 In what direction v 
earth? Will the lines of 
Where wiU they meet, if 


(ill a falKng body . 
suspensiDn of diffei 
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Heavy bodies can be made to float in the aii-, instead of 
falling immediately to the ground, by making tlie extent of 
their surface counterbJance their weight. Thus gold, which 
ia one of the heaviest of all substances, when spread out into 
thin leaf, is not attracted by gravity with sufficient force to 
overcome the resistance of the ^r ; it therefore floats in the 
air, or faUs slowly. 

26, All substances are influenced by gravity, in exact 
proportion to their quantity of matter, and their distance 
from the central point of attraction. 

1. Even air itself, light as it seems, is subject to this attrac 
tion. The air* probably extends to a height of more than 
forty-five miles above the surface of the earth. The pressure 
of the upper parts of the atmosphere on those beneath, ren- 
ders the air near the surface of the earth much more dense 
tlan that in the upper regions. This pressure is caused by the 
attraction of the earth, or, what is the same thing, the weight 
oi tne air above ; and it would cause the air to fall like other 
bodies completely to the earth, were it not for the elasticity of 
that portion which is near the surface. 

2. The air therefore, of which the atmosphere is composed, 
exists in a state of compression, which causes it to be heaviest 
near the surface of the earth. 

■ We have no meaos of asccrtainiDg the exact height to which tl 
extends. Sir John Herachel says, " Laying out of consideration bH nice 
questions ss to the probahlo eiistenco of a deliiiite limit la the atmosphere, 
beyond which (here is ahsolutely and ilgorou sly speaking no air, it ia clear, 
that for all practical ptuposes we may speak of those regions which are more 
distant above the earth's sarface than the hundredth patt of its diameter as 
vmd of air, and of couise, of cloiids, (which are nothing hut visible vapors, 
diSiised and floating in the air, sustained by it, and rendering it turtiid, as 
mud does water.) It seems probable, fmm many indications, that the great- 
est height at which visible clouds over exist does not exceed ten miles ; 
which height the density of the air ia about an eighth part of what it is 
the level of the sea." Although the exact height to which the atmosphe 
extends has never been ascertained, it ceases to reflect the sun's rays at 
greater hei^t than forty-five miles. 

tflueuced by gravity \ la a 
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27. The specific gravity of bodies is a term used to 
xpress the relative weight of equal bulks of difl'erent 
Dodies.* 

1. If we take equal bulks of lead, wood, cork, and air, we 
find the lead to be the heaviest, then the wood, then the cork, 
and lastly the air. Hence we say that the specific gravity of 
cork is greater than that of air, the specific gravity of wood is 
greater than that of cork, and the specific gravity of lead 
greater than that of wood, Ac, 

2. From what has now been said with respect to the attrac- 
tion of gravitation and the specific gravity of bodies, it appears 
that although the earth attracts all substances, yet this very 
attraction causes some bodies to rise and others to fall. 

3. Those bodies or substances, the specific gravity of which 
is greater than that of air, will fall, and those whose specific 
gravity is less than that of air, wiil rise ; or rather, lie air 
being more strongly attracted will get beneath them, and, thus 
displacing them, will cause them to rise. For the same reason, 
cork and other light substances will not sink in water, because 
the specific gravity of water being greater, the water is more 
strongly attracted, and will be drawn down beneath them. 
[For a table of the specific gravity of bodies, see Hydrostatics.] 

i. The principle which causes balloons to rise, is the same 
which occasions the ascent of smoke, steam, &c. The mate- 
rials of which a balloon is made, are heavier than air, but their 
extension is greatly increased, and they are filled with an elas- 
tic Huid of a different natm-e, specifically lighter than air, so that 
on the whole, the balloon when thus filled is much lighter than 

* The quantity of matter \a a body is estimaled, aot by its apparent 
HM, but by its weight. Some bodies, as cork, feathers, iu:., are l«nned 
light; otlieiH, as lead, gold, merouty, &c., are called heavy. The reason 
of this s, (hat tha particles which compose the former are not closely 
packed together, and therefore they occupy coiisideraUe space ; while in 
the latter lliey are joined more closely together, and occnpy bnt little 
loom. A pound of cork and a pound of lead, therefore, will diSer very 
much in apparent size, while they ttre both equally attracted by gravity, 
that is, they wetglj the same. 
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30 \ATi/RAL fun.osovuY. 

a. por ion f an ot tLi, sime size or duDPnsicns ^Dd it will coa- 
sequentl^ nse 

6 GrdnU therefore causes bodies which are h^hl>r than 
air to ascend those which Ate of equal weight with air to re- 
main stiliinarj and those whioh are heavier than air to de- 
scend but the r pidity of their descent is affe ted hy the 
resistance of the air . which resistance is pioportioned to the 
extent of the surface of the fulling body. 



MECHANICS, OR THE LAWS OP MOTION. 

28. Mechanics is that branch of Natural Philosophy 
which relates to motion and the moving powers, their 
nati^re and laws, with their effects in machines, &c. 

29. Motion is a continued change of place. 

On account of the inertia of matter, a body cannot put it- 
self in motion, nor when it is in motion can it stop itself. 

30. The power which puts a body into motion is 
called a force ; and the power which has a tendency to 
Stop or impede motion is called resistance. 

31. The motion of a body impelled by a single force 
is always in a straight line, and in the same direction in 
which the fofce acts. 

32. The rapidity with which a body moves is called 
its velocity. 

What offecl has gravity on bodias lighter than the ait! What effect 
on bodies of equal weight? What effect on those that are heavier? What 
attecls the rapidity of theu- deseeiit ? To what is (he reaatance of tlie air 
proportioned ? 

28. WhatisMechanicB? 

29. WhatiBmotiou? Why cannot a body put itself in motion! Why 
cannot a body Btop itself wliea in niolion ? 

30. What is force 7 What is resistance ? 

31. When is tiie motion of a body in a attaight line? In wliat direction 
Kill it move ? 

32. What is meart by velocity? 
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MECHANICS. SI 

33. The velocity of a given body is proportional to 
the force by which it is put in motion," 

34. The velocity of a moving body Is determined by 
the time that it occupies in passing through a given 
space. The greater the space, and the shorter the time, 
the greater is the velocity. 

Thus, if one body move at the rate of six miles, and another 
twelve miles in the same time, the velocity of the latter is 
double that of the former.| 

35. The velocity of a body is measured by the space 
over which it moves, divided by the time which it em- 
ploys in the motion. 

Thus, if a body move one hundred rnSea in twenty hours, 
the velocity is one hundred divided by twenty, that is, five 
miles an hour. 

■ The mean velocity of rivers ia about four feet in a second ; of a very 
rapid etreain, about 13 feet; of a Qioderal« wind, about 10 feet; of a 
storm, 54 feet ; of a violent hurricane, 125 feet ; of eound, 1143 feet ; of 
atmospheric air rusliing into a vacuum, 1380 feet ; of a muslcet-hall, 12B0 
feet -, of a riSo-ball, 1600 ; of a caunau-ball of 34 pouuds, 2400 feet ; of a 
point at the surface of the earth, under the equator, 1500 feet; of the 
earth's centre m its orbit rouad the sun, lOl.Otil feot. 

TliB average rate of aleamera lielween New York and Albany, eiclu- 
Hve of stoppages, ia ten and a half mil»e per hour ; of the mail trains on tho 
great railroads, about 35 miles an hour ; of the fastest sailing vessel, 15 
feet ill a second ; of the swiftest raee-horae, 42 foot in a second. 

locity is called absolute when tho motion of a body in space is considered 
without reference to that of other bodies. When, for instance, a horse goes 
a hundreil miles in ten hours, his absolute velocity is ten miles an hour. 
Velocity is called relative when it is compared with that of another body. 
Thus, if one horse travel only iifty miles in ten hours, and another one 
hundred Id the same time, the ateolute velocity of the first horse is five 
miles an hour, and that of the latter is ten miles; but their relative velocity 
is five miles. 

33. To what is the velocity of a moving body proportional ? 

34. How is the velocity of a moving body determined? Ifonebodygo 
throngh six miles in an hour, and another twelve, hew does the velocity 
of the latter compare with that of the former? What is meant by abso- 
lute velocity) Give an example. When is the velocity of abody termed 
relative? Give an example. 

35. How is the velocity of a body measured? IlluBtrate this. 
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36. The time employed by a body in motion may be 
ascertained by dividing the space by the velocity. 

Thus, if the space i)e one hundred miles, and the velocity 
five miles in an hour, the time wiil be one hundred divided by 
five, which is twenty hours, 

37. The space also may be ascertained by multiply- 
ing the velocity by the time. 

Thus, if the velocity be five miles an hour, and the time 
twenty hours, the space wJD be twenty multiplied by five, 
which is one hundred miles. 

38. There are three terms applied to motion to ex- 
press its kind ; namely, uniform, accelerated, and re- 
tarded motion. 

Uniform motion is that of a body passing over equa. 
spaces in equal times. 

Accelerated motion is that in which the velocity con- 
tinually increases as the body moves. 

Retarded motion is that in which the velocity de- 
creases as the body moves. 

39. Uniform motion is produced by a force having 
acted on a body, and then ceasing to act 

A ball struck by a bat, or a stone thrown from the hand, is 
in theory an instance of uniform motion; and if both the at 
traction of gravity and the resistance of the air could be en- 
tirely removed, it would proceed onwards in a straight line, 
and with a uniform motion forever. But as the resistance of 
the air and gravity tend to deflect it, it in fact becomes an in- 
stance first of retarded and then of accelerated motion. 

40. Accelerated motion is produced by the continued 
action of one or more forces. 

36. How do you aacert^n the time employed by a body in motion^ II- 
loBtcate tliia. 

37. How can yoa Bscertajn the space 1 Illuelrate this. 

38. How many tennB are applied to motion to eipreaa ila kind T What 
are IheyT What is uniform motion? Accelerated? Retarded? 

39. How la uniform motion produced? Wliy Is not a ball struck by a 
bat, or a stone thrown from tho hand, an ^^b^taiice of uniform motion t 
Haw can it be made an instance ? 

40. How is uccelerated motion produced? 
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1. Tlius, when a stone falls fiom a height, the impulse whioh 
it receives from gravity would be suffii'ient to bring it to the 
ground with a uniform velocity. Gut the stone while falling 
at this rat« is still acted upon by gravity with an addition^ 
force, which coDtiaues to impel it during the whole time of its 
descent. 

2. In tkeJirH second it falls sixteen feel, three times that distance 
in the next, five times iu the third, seven times in the fourth, and 
so on, regularly increasing its velocity according to the number 
of seconds consumed in falling. 

3. The height of a building, or the depth of a well, may thus 
be measured by observing the length of time which a stone 
takes in falling from the top to the bottom.* 

41. Retarded motion is produced when a body in 
motion encounters a force operating in an opposite di- 
rection. 

1, Thus, when a stone is thrown perpendicularly upwards, 
the force of gravity is continually operating in the opposite 
direction, and attracting it downwards to the earth. The stone 
moves upwards slower and slower, until the upward motion 
ceases, and the body returns with accelerated motion to the 
earth. It is found that a body thrown perpendicularly up- 
' i, takes the same length of time in ascending that it takes 



2. Perpetual motion has never yet been produced by art ; 
and the principles of mechanics seem to prove that such a 
motion is impossible ; for although in many cases of bodies 
acting upon one another, there is a gain of absolute motion, 
yet the gain is always equal in opposite directions, so that the 

• The spaces through which a body falls ia equal siicoesaive portions of 
time, increase as the udd numbers 1, 3, 5, 7, &c ; that is, a faltmg body 
descends in the 2d second of ile Ml through 3 times, and in the 3d second 
through 5 limes the space paeeed over in the first second. But the entire 
spaces through which a body will bave fallen in any given number of sec- 
anda, increase as the equareB of the times. 

Give an instance of accelerated motion. How far does a stoi^e fall tho 
first secoiid of limel The second? Third? Fourth? How can yon 
measure the height of a building, or tlie depth of a. well ? 

41. How iE retarded moUou produced? Give an example. Hniv doe* 
Ihe time of the aKcenl of a body thrown perpcn<KouIarly upwards, compare 
with that of its doocenl? Why cannot perpetual motion be produced'' 
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quantity of direct motion is never increiised. But nature 
abounds with examples of perpetual motion, as for instance, 
the motion of the hedvenly hodies, described in the science of 
astronomy. 

43. The momentum of a hudy is its quantity of mo- 
tion, or the force with which it would strike against 
another body. It, is measured by multiplying its weight 
by its velocity,* 

Thus, if a body weighing six pounds move at the rate of 
two miles in a second of time, its momentum may be repre- 
sented by six multiplied by two, which is twelve. Hence a 
small or a light body may be made to strike against another 
body with a greater force than a. heavy one, simply by giving 
it sufficieat velocity. 

43. The action of a body is the effect which it pro- 
duces upon other bodies. Reaction is the effect which 
it receives from the body on which it acts. 

Thus, when a body in motion strikes against another body, 
it acts upon it, or produces action ; but it also meets with re- 
sistance from the body which is struck, and this resistance is 
the reaction of the body. 

44. Action and reaction are always equal, but in op- 
posite directions. 

1. Experiments to show the mutual action and reaction of 
bodies, are made with both elastic and non-elastic bodies. Fig. -i 



• Th6 quantity of m 


10 u n nun c ed o a bo< y does not affect the 


duratioQ of the motion. 


If bu e n be unicated, tho body 


will move slowly. If i 


a dsrebmiid will move rapidly. 


But iu both cases the m 


10 n u n nae u destroyed by some 


external force. 





42. What is the momentum of a body 7 How can Ihe momsntum of a 
body bo ascertained? Note. Does the quantity of motion communicated 
to a body affect the duration of the motion? It but little motion is com- 
municated, how will the body move? If a great degrsoJ How long will 
the motion continue 7 How can a light body be made to have a greater 
momentum than a heavy one ) Gise an instanoo of ttiie. 

43. What ia meant by action? Reaction? IKusltalo this. 
44 How do action and reaction compare T 
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represents two ivory balls, A and B f qu 1 
weight, &c., suspended by threads. If tl b II 
A be drawn a little on one side and tl en J t 

fo, it will strike against the other ball Bad 
rive it off to a distance equal to that th ough 
which the first ball fell ; but the mot oa of A 
^ill be stopped, because when it strikes B it 
receives in return a blow equal to that which it gave, but in a 
contrary direction, and its motion is thereby stopped, or rather, 
g^ven to B. Therefore, when a body strikes against another, 
the quantity of motion communicated to the second body is 
lost by the first ; but this loss proceeds, not from the blow 
given by the striking body, but from the reaction of tbe body 
which it struck. 

2, Fig. 5 repiesents six ivory balls, of equal weight, sus- 
pended Dy threads. If the ball A be drawn out of the per- 
pendicular, and let fall against B, it will communicate its 
motion to B, and receive a reaction from it 

which will stop its own motion. But the ball ^"s- *• 

B cannot move without moving C ; it will there- 
fore commwiicate tbe motion which it received 
from A to C, and receive from a reaction 
which will stop its motion. In like manner the 
motion and reaction are received by each of tbe 
balls, D, E, F ; but as there is no ball beyond F 
to act upon it, F wiU fly off. 

N. B. This experiment can be accurately performed by those 
bodies only which are perfectly ekistic. 

3. Fig. 6 represents two balls of clay, (which are not 
elastic,) of equal weight, suspended by strings. If 
the ball D be reused and let fall against E, only 
part of the motion of D will be destroyed by it, 
(because tbe bodies are non-elaatic,) and the two 
balls will move on together to d and e, which are 
less distant from the vertical line than the ball T 
was before it fell. Still, however, action and r 
tion are equal, for the action on E is only enough to make ii 
move through a smaller space, but so much of D's motion is 
now also destroyed,* 

• FigB. 4 and 5, as has beeu explained, show tho effect of action and 



Fig. S Fic, 6. 
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4. It is upon the principle of action and reaction, that birds 
are enahled to fly. They strike the air with their wings, and 
the reaeiion of the air enables them to rise, fall, or remaia 
stationary at will, by increasing or diminishing the force oi 
the stroke of their wings.* 

5. It is likewise upon the same principle of action and re- 
action, that fish^ swim, or, rather, make their way through 
the water; namely, by striking the water with their fins.f 

6. Boats are also propelled by oars on the same principle, 
and the oars are lifted out of the water, after every stroke, so 
as completely to prevent any reaction in a backward direction, 

45. Motion may be caused either by action or reac- 
tion. When caused by action it is called incident, and 
when caused by reaction it is called reflected motion. J 

bodies. When the elssticily of a body 19 imperfect, an intermediate eficct 
will be produced ; that is, the ball which is struck will tiee higher than in 
caaa of non-elastic bodies, and less so than in that of perfectly elastic 
bodies ; and the striking ball will be retarded more than in the former case, 
but not slopped completely, as in tlie latter. They will, therefore, both 
move oDwarda after the blow, hut not together, or to the same distance ; 
but in this, as in the preceding cases, the whole quantity of motion de- 
stroyed in the striking ball, wUl be equal to that produced in the ball struck. 
Connected with " the Boston school apparatus" Is a stand with ivory balls, 
to give a visible illustration of the effects of collision. 

• Th» muscular power of btds is much greater in proportion to their 
weight than that of man. If a man were furnished with wings sufficiently 
large to enable him to fly, ha would not have suiBoient strength, or mus- 
cular power, to put them in moUou. 

t The power possessed by lishes, of sinking or rising in the water, is 
greatly assisted by a peculiar apparatus furnished them by nature, called 
BU air-bladder, by the expansion or contraction of which they rise or fall, 
on the priuciple of specific gravity. 

J The word incident implies falling upon, or directed towards. The 
word rtjlected implies turned back. Incident motion is motion directed 
towards any particular object, i^unst which a moving body strikes. Re- 
flected motion is that which is caused by the reaction of the body which 
is strack. Thus, when a ball is thrown against a surface, it rebounds or 

Upon what principle do birds fly? Explain how. Upon what principle 
do fishes Bwimi Upon what principle do boats move upon the water i 

45. How may motion be caused? When caused by action what is it 
eatlodT When caused by reaction what is it termed? 
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46. The angle* of incidence is the angle formed by 
Ihe line which the incident body makes in its passage 
towards any object, with a line per- 
pendicular to the surface of the ob- ^'^' '' . 
ject. °---„^ 

Thus, in Fig. 7, the line ABC r&pre- p ^'"-^ b 

senta a wall, and P B a line perpendicular _„.—"'" 

to its surface. is a ball moying in the k ,^''' 
direction of the dotted line, B. The an- 
gle B P is the angle of incidence. 

IB turned back. This return of the bat) la called reflected molion. As re- 
Hoctetl matian is caused by reaction, and reaction is caused by elasticity, 
it foUowa, that redeetod motion is iilways greatest in those bodies which 
are moat elastic. Far Ihis reason, a ball filled with wr rebounds better 
than one etufied with bran or wool, because its elasticity is greater. For 

more than those which are made of most other substances. 

• Ae this book may fall into the hands of some who are unacqn^nted 
with geometrical figures, a few explanations are here subjoined. 

1. An angle is the opening made by two lines which meet each other in a 
point. Tlie siie of the angle depends upon the opeiiiug, and not upon the 
length of the lines. 

3. A circle is a perfectly ronud figiu^, ev- Fig. 8. 

ery part of the outer edge of which, called the ■r_ 

CLrcumference, is equally distant from a point 
within, called the centre. (See Fig. 8.) 

3. The stralgfat lines drawn from the cen- 
tre to Ihe cuiiumference are called radii. 
[The singular number of this word, is radius.] 
Thus, in Fig, 8, the fines CD, CO, CR, and 
CA, are radii. 

4. The lines drawn through the centre, 

and terminating in both ends at the circumference, are catted diameters. 
Thus, in the same figure, D A is a diameter of the circle. 

5. The circumference of all circles is divided into 360 equal parts, called 
degrees. The diameter of a circle divides the circumfBrence into two 
equal parts of 180 degrees each. 

46. What is the angle of incidence? (Nale^—l. What is an angle? 
Upon what does the size of an angle depend? 2. What IS a circle? 
1 Whataroradii? What lines in Fig. 8 are radii? 4. What are diam- 
eters? In Fig. 8, what line is the diameleri 5. How is the circumfer- 
ence of all circles divided ? Into how many parts does the diameter of a 
circle divld* ilT 
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47. The angle of reflection is the angle formed by 
the perpendicular with the line made by the reflected 
body as it leaves the surface against which it struck. 

Thus, in Fig. 1, the angle P B R is the angle of reflection. 

48, The angles of incidence and reflection are always 
equal to one another. 

I. Thus, in Fig. 7, the angle of incidence, B P, and the 
angle of reflection P B R, are equal to one another ; that is, 
they contain an equal number of degrees. 

6. All angloa are meaeured by the number of degress which they oon- 
taia. Thus, in Fig. 8, the angle R C A, us it includBB one quarter of the 
circle, ia an angle of 90 degreea, which Is a quarter of 3G0. And the an- 
gles R C O and O C D are angles of 45 degree. 

7. Angles of 90 degreea are right angles ; angles of less than 90 degrees, 
acute angled, and angles of more than 90 degrees ate called obtuse Bugles. 
Thus, in Fig. 8, R C A is a right angle, OCR aeule, and O C A an ob- 

8. A perpendicular line ia a line which makes an angle of 90 degrees on 
each wde of any other line or surface ; therefore, it will incline neither lo 
the one side nor to the other. Thus, in Fig. 8, R C is perpendicular lo D A. 

9. The tangent of It circle is a line which touches the circumference, 
without cutting it when lengthened at either end. Thus, in Fig. 8, the 
line RT is a tangent. 

10. A square ie a figure having font equal sideB, and four eqnai unglee. 
These will always be right angles. (See Fig. 9.) 

II. A parallelogram is a figure whose opposite sides are equal and par- 
alleU (See Figs. 10 and 11.) A square is also a parallelogram. 

13. A rectangle is a piralleli^ram whose angles are right angles. 

13. The diagonal of a square, of a parallelogram, or a rcclangle, is a 
line drawn through either of them, and terminating at the opposite angles. 
Thus, in Figs. 9, 10, and 11, tlie line A C is the diagonal of the square, 
parallelogram, or rectangle. 

e. How are all augles moasured! Illustrate this by Fig. 8. 7. How 
piany degrees do right angles contain? Acute? Obtuse? Illustrate these 
angles by Fig. 8. B. What ia a perpendicular line? V/hat line is per- 
pendicular in Fig. 8? 9. What is a tangent? What line is a tangent in 
Fig. 8? 10. What is a square? 11. What is a parallelogram? 12. A 
rectangle? 13. What is a diagonal! What hues are diagonals in Figs. 
9, 10, and 11?) Eiplain tlie angle of iiioidenoe by Fig. 7. 

47. What ie the angle of raflectjoa ? Illustrate this by Fig. 7. 

48. How do the angles of incidence and reflectiuu compare with each 
other? Illustrate this hy Fig. 7. 
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2. From what has now been stated with regard to the 
anglps of incidence and reflection, it foEows, that when a ball 
is thrown perpeDdicularly against an object which it cannot 
penetrate, it will return in Uie same direction ; but if it be 
thrown obliquely, it will return obliquely on the opposite side 
of the perpendicular. The more obliquely the ball is thrown, 
the mote obhqucly it will rebound.* 

COMPOOND MOTION. 

49. Compound motion is caused by the operation ot 
two or more forces at the same time. 

50. When a body is struck by two equal forces in 
opposite directions, it wil! remain at rest. 

51. A body struck by two forces in different direc- 
tions, will move in a line between them. This line will 
be the diagonal of a paralielogram, having for its sides 
the lines through which the body would pass, if urged 
by each of the forces separately. 

1. Let Fig. 9 represent a bali struck by the two equal 
forces, X and Y. In this figure, the forces are inclined to 
each other at an angle of 90 degrees, or 
a right angle. Suppose that the force X x 

would send it from C to B, and the force 
Y, from C to D. As it cannot obey both, 
it will go between them to A, and the line 
C A, through which it passes, represents 
the diagonal of the square, A B C D. 

The time occupied in its passage from C 

> It IB from a knowledge of these facts that skill 
different eortfl of gamea, as Billiards, Bagatclls, &e. 
the Sdme principle, be thrown from a gun against a foitific; 
reucli an object ouf of the range of a direct ehot. 

What follows from what has been staled with regard lo Ihe angles of 



50. In what direction will a body, strack by two equal forces in oppo- 
ntedireaioiis, move? 

51. When Blruck by two fotcee inclined to each other, how will it move? 
What is (his line colled 1 Illnetrate these, first, by Fig. 9, which repreEenU 
B ball struck by two eqnal forces in different dircclious. 
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to A will be the same as the force X would require to send it 
to B, or the force Y to send it to D. 

2. If the two forces acting on a body are Fig- lo. ^ 

unequaf , but still operate at right angles to n c 

each other, the body will move from u to A I ^^ *■■ * 

as represented in Fig. 10 ; in which it is to. j^ 

be observed that the force Y is as iniich x"^^ 
greater than the force X, as the length of * ° 

the side C D of the rectaugle A B C D, ei- j.;,. „, 

ceeds the length of the side C B. 

". When two forces operate in the direc- 



tion of 
body will mov. 
the parallelogr 
4. If the for 
the body will 



! angle, (see Fig. 11,) the 
as represented by C A, i 
M A B C D. "■ 

es operate in the direction of a 
s represented by D B ii 



n obtns'e angle, 

53. Circular motion is motion around a central point, 
and is caused by two forces operating at the same time, 
by one of which it is projected forward in a straight 
line, while by the other it is deflected towards a fixed 
point. 

The whirling of a ball, fastened lo a string held by the hand, 
is an instance of circular motion. The hall is urged by two 
forces, of which one is the force of projection, and the other the 
string which confines it to the hand. The two forces act at 
right angles to each other, and (according to No. 51) the hall 
will move in the diagonal of a parallelogram. But, as the force 
which confines it to the hand only keeps it within a certain 
distance, without drawing it nearer to the hand, the motion of 
the ball will he through the diagonals of an ind'.^finite number 
of minute parallelograms, formed by every part of the circum- 
ference of the circle. 

53. There are three different centres which require 
to be distinctly noticed ; namely, the centre of magni- 
tude, the centre of gravity, and the centre of motion. 

Second, by Fig. 10, which reprsaeuta a hall struck by two unequal 
forces, acting at right augles. Third, by Fig. 11, where the forces operate 
in the direction of nn scute angle. Fourth, by Fig. II, where the forces 
oiwtttte in the direction of an obtuse anjle. 

62. What b circular motiont How ia it caused? Illustrals this. 

53. How many diflferent oantrea are Ihero which require to be nolioed 
Urfine each ef them. 
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The centre of magnitude is the central point of the 
bulk of a body. 

The centre of gravity is the point about which all 
the parts balance each other. 

The centre of motion is the point around which all 
the parts of a body move. 

When the body is not of a size nor shape to allow 
every point to revolve in the same plane, the line around 
which it revolves is called the axis of motion.* 

54. The centre or the axis of motion is generally sup- 
posed to be at rest. 

Thus the axis of a spinning top is stationary, while every 
other part is in motion around it. The axis of motion and the 
centre of motion are terms which relate only to circular motion. 

55. The two forces by which circular motion is pro- 
duced, are called central forces. Their names are the 
cenlxipetal force and the centrifugal force. t 

56. The centripetal force is that which confines a 
body to the centre around which it revolves. 

The centrifugal force is that which impels the body 
to fly off from the centre. 

57. If the centrifugal force of a revolving body be 
destroyed, the body will immediately approach the cen- 
tre which attracts it ; but if the centripetal force be 

" Circles may have a centre of motioD ^ sphcKs or globes have do axia 
of motion. Bodies Ihat havo ojily length and breadtli may revolve urauad 
tlieii owD centre, or around axes ; tliose that have the three dimeiisious of 
length, breadth, and thickness, must revolve aroujid axes. 

t The word centripetal means seeking the centre, and centrifugal 
means flying from the centre. In circular motion, these two forcee con- 
Btnutly balance each other; otherwise the revolving body will either ap- 
proach the centre or recede from it, aceordiug as the centripetal or ceutiif- 
ugal force is the stronger. 
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destroyed, the body will fly off in the direction of a tan- 
gent to the curve which it describes in its motion. 

Thus, when a mop filled with water is turned swiftly round 
by the handle, the threads which compose the head will fly 
off from the centre; but being confined fo it at one end, they 
caanot part from it ; while the water they contain, being uq- 
confined, is thrown off in straight lines. 

58. The parts of a body which are farthest from the 
centre of motion, move with the greatest velocity; and 
the velocity of all the paitb diminiiihes, as their distance 
from the axis of motion dimimahes. 

Fig. 12 represents the vanes of a windmill Tlie CiioJea 
denote the paths m which the different parts of the \anes 
move. M is the centie or axis of mo- 
tion around which all the parts revol\e ^'^ '* 
The out«r part reiol^es in the circle 
DEFG, another part revohes m the 
circle H I J K, and the mner part in 
the circle LNOP Confequentiy, as 
they all res olve around M m the same 
time, the velocity of the parts which re- 
volve in the outer circle is as much great- 
er than the velocity of the parts which 
revolve in the inner circle, LNOP, as the diameter of the 
outer circle is greater than the diameter of the inner. 

59. As the earth revolves round its axis, it follows, 
from the preceding illustration, that the portions of the 
earth which move most rapidiy are nearest to the equa- 
tor, and that the nearer any portion of the earth is to 
the poles, the slower will be its motion. 

60. Curvilinear motion requires the action of two 
forces i for, the impulse of one single force always pro- 
duces motion in a straight line. 

What would be ila diraction if the contripela) force were destaoyedT 
Give an example. 

53. What parts of a body move with the greatest velocity ) In what 
proportion dtBS the velocity of all the parts diminish? What does Fig. 12 
represent? 

59. What follows, with regard lo the motion of the earth, from the il- 
lustration of FIk- 121 

(U). Of what is curvilinear motion always the result? Why! 
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61. A bail thrywn in a horizontal direction is in- 
fluenced by three forces ; namely, first, the force of 
projection, (which gives it a horizontal direct, -n ;) 
second, the resistance of the air through which it passes, 
which diminishes its velocity, without changing its di- 
rection ; and third, the force of gravity, which finally 
brings it to the ground. 

62. The force of gravity is neither jncreaiied nor di- 
minished by the force of projection.* 

Fig. 13 represents a cannon loaded with a ball, and placed 
on the top of a tower, at such a height as to lequiie juat three 
seconds for another ball to descend 
perpendicularly. Now suppose the 
camion to be fired in a horizontal 
direction, and at the same instant 
the other hall to be dropped towards 
the ground. They will both reach 
the horizojital line at the base of the 
tower at the same instant. In this 
figui'e C a represents the perpendicular line of the tailing ball. 
C & is the curvilinear path of the projected ball, 3 the bi izontal 
line at the base of the tower. During the fir^it second of time, 
the falling ball reaches 1, the next second 2, and at the end 

• The action of gravity being alwaya the esme, the shape of the curve 
of every projectile (sea No. 63) depends on the velocity of its motion ; but, 
wbatever this velocity be, the moving body, if thrown horiioiitally from 
the sarao elevation, will reach Ihe ground ai tbe aamo instant. Thus, u 
baJt from a cannon, with a charge sufficient to throw it half a mile, will 
reach the ground at the same instant of time that it would had tlia charge 
been sufficient to throw it one, two, or six miles, from the ^me elevation. 
The distance to which a ball will ba projected, will depeud entirely on the 
force with which it is thrown, or ou the velocity of its motion. If it moves 
slowly, the distance wdl he short—if more rapidly, ^e space passed over 

ball towards the earth, in the e 



61. How many forces act upon a ball thrown in a 
What are Iheyl Why do bodies fall to tiie ground? 

69. Does the force of gravity either increase or d 
pnijoctiou ? Give an illustration. 
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of the third second it strikes the ground Me-int me th it pro 
jected from the cannon, moves forward wilh &ULh lekcitj is 
to reach 4 at the same time that the falling ball reaches 1 
But the projected ball falls downward exactly aa fast as the 
other, since it meets the line 1 4, which is paiallel to the hori 
zon, at the same instant. During the next eecond the ball 
from the cannon reaches 5, while the other fills to 2 both 
having an equal descent. During the (bird second the project 
ed ball will have spent nearly its whole force, and therefore its 
downward motion will be greater while the motion forward will 
be less than before. Hence U appears that the horismital motion 
does )icl interfere with the aciioit of gravity, but that a pryeciile 
descends with the same ra^^ity while moving forward tliat it 
would if it were acted on hy gravity alone. This is the neces- 
sary result of the action of two forces. 

63. A projectile is a body thrown into the air, as a 
rocket, a oall from a gun, or a stone from the hand. 

The force of gravity and the resistance of the air 
cause projectiles to form a curve both in their ascent 
and descent ; and in descending, their motion is grad- 
ually changed from an oblique towards a perpendicular 
direction. 

In Fig. 14 the force of projection would carry a ball from A 
to D, wmle gravity would bring it to C. If „. . 

these two forces alone prevailed, the ball p ^ 

would proceed in the dotted hne to B. I --y^"^ 

But as the resistance of the air operates in y'y' 

direct oppoation to the force of projection, y / 
instead of reaching the ground at B, the "^ ' 
ball will fall somewhere about E,* 

64. When a body is thrown in a horizontal direc- 
tion, or upwards or downwards obliquely, its course will 

■ It ia calculated that the reastaiico of the air to a cannan-bHll of two 
pounda weight, with the velocity of two IhouBand feel in a. secoud, is more 
than equivalent to sixty timea tlie weij^ht of ttie ball. 

G3. What is a projectile T What lines do projeclilea describe ? From 
what caiisel Give the illuettation. How great is the resistance of the oir 
calculated te he to a cannon-ball of two poauds weit^l, with the velocity 
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be in the direction of a curve-line, called 
a. parabola;* {see ¥ig. 15,) but when it is 
thrown perpendicularly upwards 01 down- 
wards, it will move perpendicularly, be- / 
cause the force of projection and that of / 
gravity are in the same line of direction, *" 

• The science of gunnery is fouuded upon the laws relating to projec- 
tiles. The force of gunpowder ia accurately ascertained, and calculations 
are prediuated upon these principles, which enable the engineer lo direct liis 
guns Id such a manner as to cause the fail of the shot or yhelZs ia the very 
Bpot where he intends. The knowled^ of this science saves an immense 
expenditure of ammunition, which would otherwise be idly wasted without 
producing any eflect. In attacks upon towns and fortificsfiona, the skilfiil 
engineer knows the means he has in his power, and cb.u calculate, with 
great precision, their eSSiats, It ta !□ this way that the art of war has 
beea elevated into a science, and much is mads to depend upon skill, 
which, previous to the knowledge of these principles, depended entirely 
upon physical power. 

The force with which balls are thrown by gunpowder is measured by an 
instrument called the Ballistic pendulum. It consists of a large block of 
wood suspended by a rod in the manner of a pendulum. Into this block 
the balls ate tired, and to it they cemmiuiicate their own motion. Now 
the weight of the block and that of the ball being known, and the motion 
or velocity of the block being determined by machinery, or by observation, 
the elements are obtained by which the velocity of the ball may be found ; 
tor, the iBcight of the ball it ta the weight of tie block an the velocity of 
the block it to the velocity of the ball. By thia simple apparatus, many 
facts relative to the art of gunnery may be ascertained. If the ball be 
fired from the same gun, at different dislanceB, it will lie seen how much 
resistance tile atmo3[^ere opposes to its force at such distances, fiifies 
and guns of smooth bores may be tested, as well as the various charges of 
powder best adapted to diffiirent distances and different gnus. These, and 
a great variety of other experiments, useful to the practical gunner or 
sportsman, may be made by this simple nieans. 

The velocity of baits impelled by gunpowder from a mnsket with a 
common charge, has been estimated at about 1650 feet in a second of .time, 
when first discharged. Tlie almost velocity that can be given to a can- 
non-ball, is 2000 feet per second ; and this only at the moment of its leav- 
ing the gun. 

In order to increase the velocity from 1650 to 9000 feet, one half more 



ards or downwards oWiquely T 



>n IV Google 



65. The random of a projectile is the horizontal dis- 
tance from the place whence it is thrown, to the place 
where it strikes. The greatest random taltes place at an 
angle of 45 degrees — that is, when a gun is pointed at 
this angle with the horizon, the ball is 

thrown to the greatest distance. ^'s- "■■ 

Lot Fig. 16 represent a gun or a oarron- 
ade, from which a ball is thrown at an an- 
gle of 45 degrees with the horizon. If the 
ball be thrown at any angle ahove 45 de- 
grees, the random will be the same as it 
would be at the same number of degrees 
below 45 degrees.* 

66. When the centre of gravity of a body is support- 
ed, the body itself will be supported ; but ^vhen the 
centre of gravity is unsupported, the body will fali.f 

powder is reqaired ; and even then, at a long ahot, no adyantnge is gained ; 
rancB, at the distaHCB of 500 yards, the greateal velocity that can he oh- 
taiiicd is only 1300 or 1300 feot por Becood. Great charges of powder are 
therefore not only UEelesa, but dangerous; for, though they give little ad- 
ditional force to the hall, they hazard the lives of many by their liability 

Esporimant has hJbo shown, that, although !ong gnns give a greater ve- 
locity to the ehot than short ones, still, that on the whole, short ones are 
preferahle ; and, accordingly, armed ships are now almost invariably fur- 
nished with short guns, called caironades. 

The length of sporting guns hes also been greatly reduced, of late yeaia. 
Formerly, the barrels were from four to sis feet in leiigih ; but the best 
ibwLng-piecfla of (he present day have barrela of two feet, or two and a 
half, only, in length. Guna of about this length are now univeraally em- 
ployed for snch game as woodcocks, partridges, grouse, and such birds as 
BIO taken on the wing, with the exceptions of ducks and wild geese, which 
require longer and heavier guns. 

* A knowledge of (his fact, and calculations predicated on it, enables 
the engineer so to direct his guns, as to reach the object of attack when 
within the range of Ehot, 

t The Boston School Apparatus contains a set of eight illuslrations for 

65, What is the random of a projectile? At what angle does the great- 
est random take place? 

66. When the centre of gravity of a body is supported, will the body 
stand or fall ! What if the centre bo un.'.upporled ! 
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A line drawn from the centre of gravity, p 
lar to the horizon, is called the line of direction.* 

67. When the line of direction falls within the base| 
of any body, the body will stand ; but when that line 
falls outside of the base, the body will fall or be overset. 

1. Fig. 18 represents a loaded wagon on the deeliyity of a 
hill. The Kne C F represents a horizontal line, 

D E the base of the wagon. If the wagon he *''*t- '^• 

loaded in such a manner thikt the centre of 

gravity he at B, the perpendicular B D will fall 

within the base, and the wagon will stand. 

But if the load be altered so that the centre of 

gravity be raised to A, the perpendicular A C c F 

will fall outside of the base, and the wagon 

wiU he overset. From this it follows that a wagon, or any 

carriage, will he most firmly supported when the Une of direction 

of the centre of gravity falls exactly between the wheels ; and 

that is the case on a level road. The centre of gravity in the 

human body, is between the hips, and the base is the feet. 

So long as we stand uprightly, the hne of direction falls 
within this base. When wo lean on one side, the centre of 
gravity not being supported, we no longer stand firmly. 

2. A rope-dancer performs all his feats of a^lity, by dex- 
terously supporting the centre of gravity. For this purpose 
he carries a heavy pole in his hands, which he shifts from side 
to side as he altws his position, in order to throw the weight 
to the side which is deficient; and thus, by changing the 

the purpose of giving a clear idea of the centre of gravity, and showing 
the difference between the centre of gravity and the centre of magnitude. 

■ The lino of direelJoQ is the line which the centre of gravity would 
describe if (he body wore permitted to fall. 

t The base of a body is its lowest Bide. The base Fig. IT. 

of a body standing on wheels or legs, is represent- f^ '~^^ — — ^ 

ed by lines drawn from the lowest part of one ni ^1^ 

wheel or leg, to the lowest part of the other wheel I I | ]| 

or leg. If T 

Thus, in FigB. 17 and 18, D E represents the bass D E 



What is the Une of direction ' 

67. If the line of direction falls within the base, will the body stand or 
fall I Give an illustration. 
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situation of the centre of gravity, he keeps the hne of direc- 
tion within the hase, and he will not fall.* 

A spherical body will roll down a slope, because the centre 
of gravity is not supported,! 

68. When a body is of uniform density, the centre 
of gravity is in the same point with the centre of mag 
nitude. 

When one part of the body is composed of heavier 
materials than another part, the centre of gravity (being 
the centre of the weight of the body) no longer corre- 
sponds with the centre of magnitude. Thus, the centre 
of gravity of a cylinder plugged with lead, is not in the 
same point as the centre of magnitude. 

Bodies, therefore, consisting of but one kind of substance, as 
■wood, stone, or lead, and whose densities are consequentiv 
uniform, will stand more linnly than bodies 
variety of substances, of different densities. 

• The shepherds in the south of France afford an interestiD 
of the application of the art of balanciug to the common bueir 
These men walk on Btills from thrco to four feet high, and thei 
when quite young, are laaght to practise the same art. By 
these odd additions to the length of the leg, their feet are kept 
water, or the heated sand, and they are also enabled to see the 
a greater dietance. They use these stilts with great skill and care, and 
run, jump, and even dance on them with great ease. 

t A cylinder can be made to roll up a elope, by plugging one 
nitii lead ; the body being no longer of a uniform density, the 
gravity is removed from the middle of the body lo some point in the lead, 
as that substance is much heavier than wood. Now, la order that the 
cylinder may roll down the plane, as it is here situated, the centre of grav- 
ity must rise, which is impossible ; the centre of gravity must, always de- 
scend in moving, and will descend by the nearest and readiest means, 
which wit! be by forcing the cylinder Dp the slope, until the centre of 
gravity is supported, and then it stops. 

A. body also in the shape of two conea nnil«d at their bases, can be 
made to roll up an inclined plane formed by two bars with their lower ends 
indined towards each other. This b illustrated by a simple contrivance in 
the " Boston School Set," and the fact illustrated is called " l/u niecham- 
enl yaradaxr 

68. Ir a body is of uniform density, what ceutrea will coincide? Give 
an example in which the centres of magnitude and gravity will not coiii- 
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69- Bodies that have a narrow base are easily over- 
set ; for if they are in the least degree inclined, the line 
of direction will fall outside of the base, and their cen- 
tre of gravity will not be supported.* 

The broader the base, and the nearer the centre of 
gravity to the ground, the stronger will be the edifice. 

For this reason a pyramid,! having a broad base and but 
little elevation, is the firmest of all structures. 

70. When two bodies are fastened together, they are 
to be considered as forming but one body, and have but 
one centre of gravity. If the two bodies be of equal 
weight, the centre of gravity will be in the middle of 
the line which unites them. But if one be heavier than 
the other, the centre of gravity will be as much nearer 
to the heavier one as the heavier exceeds the light one 
in weight. 

1. Fig. 19 represents a bar with an 
equal weight fastened at each end : the 
centre of gravity is at A, the middle of 
the bar, and whatever supports this 
centre will support both the bodies and 
the pole. 

2. Fig. 20 represents a bar with an 
unequal weight at each end. The cen- 
tre of gravity is at C nearer to the larger 
body. 

* A person can carry two pails of water more easily than one, becausi 
the paila balance each other, and the centre of gravity remains supported 
by the feet. But a single pajl throws the centre of gravity on one side, 
and rendeie it mure dilficiilt to support the body. 

t A cone has also the same degree of stability ; but, strictly speakiogi 
a cone is a pyramid with an inBaite number of ^des. 
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70. If two bodies of equal weight are fastened together, where is th< 
centre of gravity ? If one be heavier Uiau the other T Wbat does Fig 
19 rBiireSBiU? Fi?, 30? Fig. 21 1 
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3. Fig. 21 represents a bar with un 
equal weights at each end, but the larger 
weight exceeds the less in such a degree 
that the centre of gravity is within the 
larger body at C. 



EESULTANT MOTION, 

71. Resultant motion is the effect or result of two 
motions compounded into one. 

If two men be saiUng in separate boats, in the same direc- 
tion, and at the same rate, and one toss an apple to the other, 
the apple would appear to pass directly acioss from one to 
the other, in a line of direction perpendlcnlar to the side of 
each boat. But its real course is through the air in the 
diagonal of a parallelogram, formed by the lines representing 
the course of each boat, and perpendiculars drawn to those 
lines from the spot where each man stands as the one tosses 
and the other catches the apple. In Fig. 22 
the lines A B and CD represent the course ^'»- ^■ 

of each boat; E the spot where the man j^ '^ *' 
stands who tosses the apple; while the apple I /'I 

is in its passage, the boats have passed from '^ bh~ " 
E and G, to H and F respectively. But the 
apple having a motion, with the man, that would carry it from 
E to H and likewise a projectile force which would carry it 
from E to Q, cannot obey them both, but will pass through 
the dotted hne E F, which is the diagonal of the parallelogram 
E G F H.* 
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71. What is resultant moUou? Give the examples 
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72. The Pendulum* consists of a weight or ball sus- 
pended by a rod, and made to swing backwards and 
forwards. 

73. The motions of a pendulum are called its vibra- 
tions, and they are caused by gravity. f The part of a 
circle through which it moves, is called its arc. 

74. The vibrations of pendulums of equal length, are 

• The pendulum was invented by Galileo, a great astronomer of Flor- 
eneflj in the beginning of the Beventeenth century. Perceiving that the 
chandeliers suspended from the ceiling of a lofty church vihraled long and 
with great uuifonnity, as they were moved hy the wind or by any aooi- 
dcDtal disturbance^ ho was led to luquire into the caut^c of their nxoClon, 
and this inquiry led to the invention of the pendulum. From a hko appa- 
rently insignificant circumstance arose the great discovery of the principle 
of gravitatiou. During the prevalence of the plague, in the year 1665, 
Sir Isaac Newton retired iuto the country to avoid the contagion. Sitting 
in his orchard, ou'i day, he observed Ein apple fall from a tree. His in- 
quisitive mind was immediately led to conader the cause which brought 
Ihe apple to the grouDd, and the result of his inquiry was the discovery 
of that grand principle of gravitation, which may be considered as the fiist 

before the eyes of men, in one sliape or another, from the creation of the 
world, did these philosophers bring the most important results. 

t When a pendulum is raised from its perpendicular position, its weighl 
will cause it to fall, and, in the act of falling, it Eicqitires a degree of mo- 
tion which Impels it to a height beyond the perpendicular almost as great 
as that to which it was raised. Its motion being thus spent, gravity again 
acts upon it to bring it to its original perpendicular position, and it again 
acquires an impetus in falling which carries it neariy as high ou the oppo- 
site side. It thus continues to swing backwards and forwards, until the 

clocks, an apparatus connected with the weight or the spring is made to 
act on the peudulura with such a force, as to enable it to overcome the 
resistance of the air, and keep up a continued motion. 

73. Of what does a pendulum consist? By whom was the penduliini 
uiventedT What led him to the discovery? By whom was the principle 
of gravitation dscoveted? What led him to the discovery T 

73. What are the movements of the pendulum called I What is meant 
by its arc! What causes its vUuations? 
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very nearly equal, whether they move through a greater 
or less part of their arcs. 

In Fig. 23, A B represents a pendiiium. Fig. S3. 

D F E C the arc in which it vibrates. If the 
pendulum be raised to E it will return to F, 
if it be raised to C it will return to D in 
nearly the same length of time, because that 
in proportion as the arc is more extended, the 
steeper will be its beginnings and endings, 
and, therefore, the more rapidly will it fall. 

75. The time occupied in the vibration of a 
!um, depends upon its length. The longer the pendu- 
lum, the slower are its vibrations. 

76. The length of a pendulum which vibrates sixty 
times in a minute (or, in other words, which vibrates 
seconds) is about 39 inches. But in different parts of 
the earth this length must be varied, A pendulum to 
vibrate seconds at the equator must be shorter than one 
which vibrates seconds at the poles." 

77. A clock is regulated by lengthening or shorten- 
ing the pendulum. By lengthening the pendulum, the 
clock is made to go slower ; by shortening it, it will go 
faster. f 

■• TTiB equatorial diameter of the eartli eiceeda the polar diamoler by 
about 34 railBB ; consequently, the poles must bo nearer to the centre of 
the earth's attraction than the equator, andigravity must also operate with 
greater force at the polea than at the equator. Hence, also, the length of 
a pendulum, to vibrate in ^y given time, must vary with the latitude of 
the place. 

+ The pendulum of a clock is made longer or shorter, by means of a 

74. How do the vibrations of pendulama of equal lenglli compares 
Illustrate by Fig, 33. 

75. Upon what does the time of the vibrations of a pendulum depend? 

76. What is the length of a pendulum which vibrates sixty times in a 
minute 1 Do different situatiooB affect llie vibrations? How can a pen- 
duliim which vibrates seconds at the equator be made to vibrate seconds 
at the poles 1 

77. How is a clock regulated? What eflsct has the lengthening of (he 
pendulum? The shortening? What ie a clock? Of what use ie the 
weight? What do the wheels show?. Why do clooke go slower in sum- 
mer than in winter ? How does a watch differ from a clock ? 
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THE MECHAMCAL P 

78. The Mechanical Powers are certain contrivances 
designed to increase or to diminish force, or to alter its 
direction. 

There are five things in mechanics which require a 
distinct consideration, namely : 

First, the power that acts. 

Secondly, the resistance which is to be overcome by 
the power. 

Thirdly, the centre of motion, or, as it is sometimes 
called, the fulcrum.* 

Fourthly, the respective velocities of the power and 
the resistance; and, 

Fifthly, the instruments employed in the construction 
of the machine. 

1. The power that acts is the muscular strength of men, or 

screw beneath the weight or ball of the pcudulum. The clock itself ia 
nothing more tlinQ a pendulum connected with wheel-work, eo as to re- 
cord the number of vibrations. A weight is attached, ia order to connter- 
BCt the retarding efTcct of friction, and the resistance of the air. The 
wheels show how many swings or beats of the pendulum hare taken place 
in a. giTSR time, because, at every beat, the tooth of a wheel is allowed to 
pass. Now If this wiieel have siity teeth, it will turn round once In sixty 
vibrations of the pendulum, or ui siity Beconds ; and a hand, fixed on the 
aiis of the wheel projecting through the dial-plate, will be the second-hand 
of the clock. Other wheels are so connected with the first, and the num- 
ber of teeth in them is eo proportioued, that tlie second-wheel tuma sixty 
times slower than the firEt, and to this is attached the miuute-hand ; and 
the third wheel, moving twelve times slower than the second, carries the 
hour-hand. Un account of the expansion of the pendulum by beat, and 
its contraction by cold, clocks will go slower in summer than in winter, 
because the pendulum is thorehy lengthened at that season. 

A watch differs from a clock, in having a vibrating wheol instead of a 
pendulum. This wheel is moved by a spring, called the hairspring. 
The place of the weight Is supplied by another larger spring, called the 



78. What are the mechanical powers ? How many things a 
considered in order to understand the power of a machine? Wha 
first? Second? Third? Fourth? Fifth? 
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animals, tlie weight and momentum of solid bodies, the eliistic 
force of steam, springs, the pressure of the air, rfec. 

2. The resistance to he ovei'come is the attraction of gravity, 
or of cohesion, the inertness of matter, &c, 

3. The centre of motion, or the fulcrum, is the point about 
■which all the parts of the body move. 

4. The velocity is the rapidity with which an effect is pro- 
duced. 

5. The instruments are the mechanical powers which enter 
into the construction of the machine.* 

79. There are six mechanical powers, namely, the 
Lever, the Pulley, the Wheel and Axle, the Inclined 
Plane, the Wedge, and the Screw, 

80. The Leverf is aji inflexible bar, moveable on a 
fulcrum, or prop. 

There are three kinds of levers, called the first, sec- 
ond, and third kinds, according to the respective position 
of the fulcrum, the power, and the weight. 

81. In a leverof the first kind, the weight is at one end, 
the power at the other, and the fulcrum between them. 

Fig. 24 represents a lever of the first kind, resting on the 
fulcrum F, and moveable upon it. W is the weight to he 
moved, and P is the power which 
moves it. Tlw advantage gained in ^'^- ^^■ 

raising a weight by the use of this kind 
<f lever, is in proportion as the distance 
of the power from, thefulenim exceeds 
that of the vmgkt Jrom the fulcrum. 
Thus, in this figure, if the distance 
between P and F be double that be- 
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MECHANICS. 55 

tween W and F, then a man, by the esertion of a force of 100 
pounds with the lever, can move a, weight of 200 pounds. From 
this it follows that (Ae nearer the power is applied to the mid of the 
lever, the greater i» the advantage gained. Thua, a greater 
weight can be moved \ij the same power, when applied at B, 
than when it is exerted at P.* 

2. The common steelyard, an instrument for weighing arti- 
cles, is constructed on the principle of the lever of the first 
liind. It consists of a rod or bar, marked with notches to 
designate the pounds and ounces, and a weight which is move- 
able along the notches. The bar is furnished with three hooks, 

niatariali ; and is rauoh used in almost every kind of meehanloBl operation. 
Sometimes it is detached from the fulcrum, but most generally the fulcrum 
ia a, pill or rivet by which the lever is permanently connecled with lliu 
framework of other parts of ihe machinery. 

" It is a fttitdataenlal principlt in mechanics, that what is gained in 
power is lost in tim/<. To illustrate this principle, (Fig. 25,) Wrepreseutfl 
the weight, F the fulcrum, F the power, aud the 
bar W F P the lever. To raise the weight W to Fig. Ss. 

u, the power P must descend to p. But as the 
radius of the circle in which the power P moves 
is double that of the radius of the circle in which 
the weight W moves, the arc Pp is double the 
arc W 10 ; or, in other words, the distance Fp is 
double the distance of W w. Now, as these dis- 

power and the weight respectively, it follows, 
that Die velocity of the power must be double the velocity of the weight ; 
that is, the power must move at the rate of two feet in a second, in order 
to move the weight one foot iu the same time. 

Tliie principle applies not only to the lever, but to all the mechanical 
powers, and to all machines ooustructed on mechanical principles. 

When two weights are equal, and the fulcrum is placed eiacllj' in the 
centre of the lever between them, they will mutually balaoico each other ; 
or, in other words, the centre of gravity being supported, neither of the 
weights will sink. This is the principle of the common scale for weighing. 

To g^n power by the use of the lover, ihe fulcrum fiiust be placed near 
Iho weight to be moved, and the power at the greater distance from it. 
The farce of the lever, therefore, depends on its length, together aith 
the paicer applied, and the distance of the weight from the fulcrum. 

What follows from this? What is meant by an infioxible bar? Note 
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on the lonffest of which, the ariicle to le weighed is always to 
hung. The other two hooks serve for the handle of the i 




stmment when in use. The pivot of each of these two hooks 
serves for the fulcrum. When suspended by the hook C, as in 
Fig. 26, it is manifest that a pound weight at E will balance as 
many pounds at W, as the distance between the pivot of D, and 
the pivot of C, is contained in the space between the pivot of 
C and the ring from which E is suspended. 
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3. The same instrument may bo used to weigh heavy arti- 
cles, by using the middle hook loj- a handle, where, as will be 
seen in the figure, the space between the pivot of F (which in 
this case b die fulcrum) and the pivot of D (from which the 
weight is suspended) being lessened, is contained a greater 
number of times in the distance between the fulcrum and tlie 
notches on the bar. The steelyard is furnished with two sets 
of notches on opposite sides of the bar. An equilibrium will 
always be produced when the product of the weights on the 
opposite sides of the fulcrum into their respective distjinces 
from it, are equal to one another. 

4. A balance, or pair of scales, is a lever of the first kind, 
with equal arms. Steelyards, scissors, pincers, snuffers, and a 
poker used for stirring the 

fire, are all levers of the „ ^ ^^' ^' 

fii-st kind. The longer the 
bundles of scissors, pincers, 

&c., and the shorter the ^ 

points, the more easily are 

they used. A compound lever, represented in Fig. 28, consists 
of several levers, so arranged that the shorter arm of one may 
act on the longer ann of the other. Great power is obtained 
in this way ; but its exercise is limited to a very small space. 

82. In a lever of the second kind, the fulcrum is at 
one end, the power at the other, and the weight between 
them. 

1. Let Fig. 29 represent a lever of the second kind. F is the 
fulcrum, P the power, and W the weight. „,, „„ 
The advantage gained by a lever of this 
kind is in proportion as the distance of the 
power from the fulcrum exceeds that of the 
weight from the fulcrum. Thus in this fig- 
ure, if the distance from P to F, is four times 
the distance from W to F, then a power of 

one pound at P will balance a weight of four pounds at W. 

2. On the principle of this kind of lever, two persons carry- 

Enplaln the common eteelyard in Fig. 26. Also in Fig. 37. What is a 
biJanee, or pair of scaleal Givo some examples of tevora of the first kind. 

82. What is a lever of the second Itiiidi What figure illustrates thisi 
To what is the advantage gained by this lever proportional? "Give some 
examples of levers of ihc seoond kind. 
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ing a heavy biirden, suspended on a bar, may be made to bear 
unequd portions of it, by placing it nearer to tlie one than the 

3. Two horses, also, may be made to draw unequal portions 
of a load, by dividing the bir attiched hi the caina^je in such 
a manner that the weaker horse may draw upon the longer 
end of it. 

4. Oars, rudders of ships doors tummg on hmges, and 
cutting-knives, which ire fiied at one end ate constructed up- 
on the principle of levers ol the seoond kmd.* 

83. In a lever of the third kind, the fulcrum is at one 
end, the weight at the other, and the power is applied 
between them. 

1. In levers of this kind the power must alvmys exceed ike 
weight, m the same proportion as the distance of the vieightfiom 
the fulcrum exceeds that of (he pvwer frmn. the fulcrum. 

2. In Fig. 30, F is the fulcrum, W the weight, and P tlie 
power between the fulcrum and the weight ; 

and the power must exceed the weight in the '"' 

same proportion that the distance between W 
and F esceeds the distance between P and F. 

3. A ladder which is to be raised by the 
strength of a man's arms, represents a lever 
of this kind, where the fulcrum is that end w 
which is fixed against the wall : the weight 

may be considered as at the top part of the ladder, and the 
power is the strength applied in raising it. 

4. The bones of a man's arm, and most of the moveable 
hones of animals, are levers of the third kind. But the loss of 
power in limbs of animals is compensated by the beauty and 
compactness of the hmbs, as well as the increased velocity of 
their motion. The wheels in clock and watch work, and in, 
various kinds of machinery, may be considered as levers of 

• It is on the same principle that, ii 
he api^ied to the middle of the Bash, as 

as, if the hand he applied oeorer to one side than the othol, the c 
gravity heing uiiEupportcd, will cauee the further side to hear ag; 
frame, and ohetrucC its free motion. 

83. What is a lever of the third kind 7 In what proportion n 
power eiceed the weight in this lever ? Explain Fig. 30. Give s 
amples of levers of tlie third hind. 
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tliis kind, when the power that moves them ac!s on the pinion, 
near the centre of motion, and the resistance to be overcome 
acta on the teeth at the circumference. But here the advan- 
tage gained is the change of slow into rapid motion. The saik 
of vessels are constructed on the principle of the lever,* 

84. The Pulley is a small wheel turning on an axis, 
with a string or rope in a groove running around it. 

There are two kinds of pulleys — the fixed and the 
moveable. The fixed pulley is a pulley that has no 
other motion than a revolution on its axis, and it is used 
only for changing the direction of motion. 

Fig. 31 represents a fixed pulley, P is a small wheel turn- 
ing on its axis, with a string running round it in a 
groove. W is a weight to be raised, F is the force or Kg. ai, 
power appUed. It is evident that, by pulling tie 1^ 
string at F, the weight must rise just as much as the A 
string is drawn down. As, therefore, the velocity of j\ 
the weight and the power is precisely the same, it is _^ 
manifest that they balance each other, and that no J 

mechanical advantage is gained. But this pulley is ^a\ 
very useful for chan^ng t£e direction of motion. If, ^ * 

for instance, we wish to raise a weight to the top of a 
high building, it can be done with the assistance of a fixed 
pulley, hy a man standing below.f A curtain, or a sail, also, 
can be raised by means of a fixed pulley, without ascending 
with it, by drawing down a string running over the pulley. 

85. The moveable pulley differs from the fixed pulley 

• It may pertiapa asEist the memory to retain the rela 've positioas of 
the freight the poner and the fulcrum in the thiee ^inds oi levels, if the 
iuitials be presented to the eye as follows : 

First kind. W. F. P. 

Second " F. W. P. 

Third " F. P. W. 

t The fixed pulley operateH on the same principle aa a lever of the first 

kiud with equal anns, where the fulcrum being In the centre of gravity, 

the power and the weight are equally distant from it, and no mechanical 

advantage is gained. 

84. What is a pulley? How many kinds of pnlleys are there? What 
are they t What Is a fixed pullpy! Explain Fig. 31. What advantage 
is gained by this pulley ? Wliat is the use of this puilcy '. Upon what 
piinciple itoea the fined pulley operate) 
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by being altached to the weight ; it therefore r 
falls with the weight. 

Fig. 32 represents a moveable pulley, with the 
weight W attached to it by a hook below. One 
end of the rope is fastened at F ; and as the power 
P draws the weight upwards, the pulley rises with 
the weight Now, in order to raise the weight one 
inch, it is evident that both ades of the string must 
be shortened ; in order to do which, the power P 
must pass over two inches. As the velocity of the 
power is double that of the weight, it follows that 
a power of one pound will balance a weight on the 
moveable pulley of two pounds. 

86. The power gained by the use of pulleys is ascer- 
tained by multiplying the number of moveable pulleys 
by 2.* 

1. A weight of "12 pounds may be balanced by a power of 
9 pounds with four pulleys; by a power of 18 pounds with 
two pulleys ; or by a power of 36 pounds with one pulley. 
But in each ease the space passed over by the power must be 
double the space passed over by the weight, multiplied by the 
number of moveable pulleys. That is, to raise the weight one 
foot, with one pulley, the power must pass over two feet, with 
two pulleys four feet, with four pulleys eight feet. 

2. Fig. 33 represents a system of fixed and moveable puUeya 
In the block F, there are four fixed pulleys, and 

in the block M there are four moveable pulleys, *''b- ss- 

all turning on their common axis, and rising' and 
falling with the weight W. The moveable pulleys 
are connected with the fixed ones by a stnng at- 
tached to the hook H, passing over the alternate 
grooves of the pulleys in each block, forming 
eight cords, and terminating at the power P. 
Now to raise the weight one foot, it is evident 
that each of the eight cords must be shortened 
one foot, and, consequently, that the power P 
must descend dght times that distance. The 

■ This nilB applies only to the raovoablB pulloys in the s 

85. How doea the moveable pulley differ ftom the fixed pulley ? Ex- 
plain Fig. 3a 

Sa How can the power giined by the nao of the moveable pulley bp bb- 
eertained) Whatillustialioiiof IhisiegiveiiT WhatdoeaFig.33 repivistntl 
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power, therefore, must pass over oi^rlit times the distance that 
the weight movus. 

87, Pulleys act on the same principle with the lever, 
the deficiency of the strength of the power being com- 
pensated by its snperior velocity. 

Now, as we cannot increase our natural strength, but can 
increase the velocity of motion, it is evident that we are 
enabled, by pulleys and other mechanical powers, to rcduue 
the resistance or weight of any body to the level of our 
strength. 

1. Practiail use of Pulleys. Pulleys are used to raise goods 
into warehouses, and in ships, &c. to draw np the sails. Both 
kinds of pulleys are in these oases advantageously applied ; for 
the s^ls are raised up to the masts by the sailors on deck, by 
means of the fised pulleys, while the labor is faeilitated by the 
mechanical power of the moveable ones. 

2. Both fixed and moveable pulleys are constructed in a great 
variety of forms, but the principle on which all kinds are con- 
structed, is the same. What is generally called a tackle and 
fall, or a block and tackle, is nothing more than a pulley. 
Pulleys have likewise lately been attached to the harness of a 
horse, to enable the driver to govern the animal with less 
exertion of strength. 

3. It may be observed, in relation to the mechanical powers 
in general, that power is always gained at the expense of time 
ana velocity ; that is, the same power which will raise one 
pound in one minute, will raise two pounds in two minutes, six 
pounds in six minutes, sixty pounds in sixty minutes, &c. ; and 
tliat the same quantity of force used to raise two pounds one 
foot, will rtuse one pound two feet, &c. And, further, it may 
be stated that the product of the weight, multiplied by the 
velocity of the weight, will always he equal to the product of 
the power multiplied by the velocity of the power. Hence 
we have the following rule. The poieer is in the samepropor- 
tion to tlm weight as the velocity of the weight is to the velocity 
of the power. 

87. Upon what principle do pulleys act? What advantage is gained 
by Uio aee of pulleys and other raochanieal powers 1 What are some of 
the practical uses of the pulley? What ia a tackle and fall? Is there 
any time or velocity gained by iKe power In the mechanical iiowers? Tn 
what is the prodactaf the wei^C, multiplied by its velocity, always equal t 
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88, The wheel and axle consists of two wheels of 
different sizes, revolving together around the same cen- 
tre of motion. 

The place of the smaller wheel is generally supplied 
by a cylinder," which forms the axle, 

1 . The wheel and axle, though made in many forms, will easily 
be understood by inspecting Figs. 34 and 35. In Fig. 34, P 
represents the larger wheel. 



cylinder, which is the axle, 
and W the weight to be 
raised. Tfie advoaitage gain- 
ed is in proportioii as the 
circumference of the wheel is 
greater than that of the axle. 
That is, if the cireiunference 
of the wheel be sir times 
the circumference of the 
axle, then a power of one 
pound applied at the wheel 
will balance a power of sis 
pounds on the axle. 

2 Sometimes the axle is 
constructed with a wint,h or 

handle as m Fig 35 and somefimea the whe 1 his 
ing spokes is m Fig 34 

3 The prmciple upon which the wheel and a\le la con 
structed la tbi, same with that of the other meeiiann,al powert 
the want of power being compensated by velocitj It la 
ewdcnt (from the Figs 34 and 3j) that the vel (,ity of the 
circumference of the wheel is as m ich greater (han that of 
the axle as it is further from the centre of mot n tor the 
wheel descnbes a gicdt cncli, in the same time that the 




i pi >JPCt 



r> lii-e lorinittg (<q lal b 



Tallel c 



r ln-dj of unifum 



88 Of what does the wheel and aile consist? What is a cylinderl 
What fignreB illnslriite the wheel and axle! Explain. To what is the 
advantage gained in proportion ? What does Fig. 34 rpprewnl ? Fig. 35 ? 
Upon wiial priuojplo is the wheel and aile oonslraeted ) Eiplain by Figs. 
34 and 35. 
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axle describes a smal! one ; 
therefore the power is in- 
creased in the same . pro- 
portion as the circumfer- 
ence of the wheel is greater 
than that of the axle. If 
the velocity of the wheel be 
twelve times greater than 
that of the axle, a power 
of one pound on the wheel 
will support a weight of 
twelve pounds on the axle. 

89, The wheel and axle are constructed on the same 
principle with the lever ; the axle acting the part of the 
shorter arm of the Iever,_the wheel that of the longer 
arm. 

1. The capstan,* on board of ships and other vessels, is 
consti'uctcd on the principle of the wheel and axle. It consists 
of an axle placed uprightly, with a head or drum, pierced with 
holes for the lever, or levers, which supply the place of tlie 
wheel. 

2. Windmills, lathes, the common windlass,* used for draw- 
ing water from welis, and the large wheels in mills, are all con- 
structed on the principle of the wheel and axle. 

3. Wheels are a very essentjal part to most machines ; they 
are applied in different ways, but when affixed to the axle their 
mechanical power is always in the same proportion ; that is, as 
the circumference of tlie wheel exceeds that of the axle, so 
much will the power be increased. Therefore the larger the 
wheel and the smaller the axle, the greater will be the power 
obtained. 

4. Fly-wheels are heavy wheels used to accumulate power 

• The difToieDCa between a capstaa and a windlaEs ties only in the 
position of the wheel. If the wheel turn horizontally it is calkd a cap- 
elan ', if venicany, a windlass. 

89. Upon what principle are the wheel and ailo constructed? Explain 
how. Upon what principle is the capstan on board of veeeels ooiiBtrncted ? 
Of what does it conaiati What other thuiga are mentioned as constructed 
upon this principle? Are wheels an essential part to most machinea! Arc 
they applied in more than one way? When they are affixed to the axle. 
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and distiibute it equally among all the parts of a machine. 
They are caused to revolve by a force applied to the axle ; 
aiid when once set in motion continue by their inertia to move 
for a long time. As their motion is steady and without sudden 
jerks, they serve to steady the power, and cause a machine to 
work with regularity. 

5. Cranks are somefimes connected with the axle of a 
wheel, either to give or to receive its motion. They are made 
by bending the aile in such a majiner as to form ^. ^^ 
four right angles facing in different directions, as 

is represented in Fig. 36. This is seen in lathes pH 

and many other kinds of machinery. Cranks are 
often used to change the motion from rectilinear 
ti) circular, or from circular to rectilinear. 

6. In connexion with the wheel and axle, it is proper to 
mention the subject of comple.t wheel-work. It has already 
been stated that the velocity of the wheel is greater than that 
of the axle ; and that this velocity is in proportion to the 
relative size of the wheel compared with that of the axle. 
Advantage is taken of this circumstance in the construction of 
machinery, by such an arrangement of the parts as will enable 
us to increase or lessen the speed at pleasure. For it is 
evident that if the power be applied to the axle, and machinery 
attached to the wheel, rapid motion will be produced ; and on 
the contrary, if the power be applied to the wheel and the 
machinery to the axle, slow motion will be produced. 

7. Fig. 37 represents four wheels with their axles, each 
wheel acting on the asle of the adjoining 

wheel. F is the power apphed to the ^'s- ^■ 

axle of the wheel rf. Now, supposing the 

circumference of each wheel to be six times 

the circumference of each axle, it is evident 

that each time the wheel d revolves it must 

cause the wheel c to make six revolutions, 

because the circumference of the wheel d is 



What are fly-wheels, and for what ai 


■ethoyuaad? How are Ihey made 


to revolve? When once set in motion, 


what cauaea them to move on for 


Bome titnel Of what gervice ani the 


ly in a roaeliina? For what are 


cranta BOinetimes connected with the 


axle of a wheel 1 How are they 


made? What doea Fig. 36 repreaent? 


Far what are cranks often used 7 


How does the velocity of the wheel CD: 


mpare with that of the axle? To 


what is tliiH velocity iu proportion? Ii 


1 any advantage taken of this in 


dri'fillg machinery where tho speed is to 


be incrooaed or diminiahed? 
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six times the circumference of the axle of c. la lite manner 
the circumferences of the wheels e and 6, acting respectively 
on the circumferences of the axles of the adjoining whee), will 
communicate a velocity six times greater than their own, and 
while the wheel d makes one revolution the wheel c will 
make six, b tIArty-six, and a two hundred and sixteen revolu- 

8. Beverang the figure, and applying the power at S which 
communicates with the circumference of the wheel a, it follows 
that a must perform six revolutions while h is performing one, 
thirty-sis whfle c, and two hundred iind sixteen, while d performs 
one revolution. It will thus be perceived that a rapid or a slow 
motion may be communicated by viirious combinations of the 
wheel and axle. 

9. The usual way of transmitting the action of the axles to 
the adjoining wheels is by means of teeth or cogs, raised on 
their surfaces. The cogs on the surface of the wheels are 
generally called («eth, and those on the surface of the axle are 
called leaves. The axle itself, when furnished with leaves, is 
called a piniim. 

10. Fig. 38 represents 
a connexion of cogged 
wheels. The wheel B 
being moved hy a string 
around its circumference 
is a simple wheel with- 
out teeth. Its axle being 
furnished with coga or 
leaves, to which the teeth 
of the wheel D are fitted, 
communicates its motion 
to D, which, in like man- 
ner, moves the wheel C. 

The power P and the weight W must be attached to the cir- 
cumference of the wheel or of the axle according as a slow or 
a rapid motion is desired. 

11. Wheels are sometimes turned by bands, as in Fig. 39 ; 

How would rapid moliou be produced? Slow molion? Explain Fig. 
37. Whal is iha usual way of traiismittiiig the action of the axlee to the 
aiijoiniog wheels? What are the cogs on the surface of the wheel called? 
Those on the axle ! What is a pi'oiont Expliua Fig. 38. By what are 



Fig. 38. 
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iiiid tlie motion communicated miiy be direct 

or reversed by attaching the band as repre- ^s- » 

sented in Figs. 39 and 40. When the wlieel @ ^^ 

and the axle from which it receives motion are *sl^ 

intended to revolve in the same direction, the 

strap is not crossed, but is applied as in Fig. • *^' **■ 

Sfl. But when the wheel is to revolve in a 

direction contrary to the revolution of the 

axle, the strap is crossed, as in Fig. 40. 

12. Different directions maybe given to the 




duced by wheels, by varying the position of their a^les and 
causing them to revolic in difteient planes as m Fig 41 or 
by alteiing the shape anl position ol the cogt, as in ¥ig 42 

90. The incliried plane cjtiMsta ni a plain surface m 
clined to the horizon and the advantage gained by the 
inclined plane is m proportion as the lengtli of the plane 
exceeds its perpendicular height. 

1. Fig. 43 represents an inclined plane. G A its height, C B 
its length, and W a weight which is to 
be moved on it. If the length C B be ^'8- *^- 
four times the height C A, then a power -y; ^^_ 
of one pound at C will balance a weight ^ 
of four pounds on the inclined plane ^ --"""""'^ Ia 



What figure raprBaents one? In what way can tlie motion be modo 
direct or reversed? What does Fig. 39 represent? Fig. 407 In what 
way can difierent diraotiona be given to Die motion produced by wheele? 
What dots Fig. 41 represeulT Fig, 42? 

90. What Ls an inclined piano? What figure repre^tentfi an iijcliued 
plane? Explain the Rgtire. To what in the advantage gajned by the 
UBO oriha iimlUied piuiie in proportion? 
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2. The greater the inclination of the plane, the greater must 
be its perpendicular height, compared with its length ; and, of 
fourse, the greater mtist be the power to elevate a weight 
along its surface. 

3. Instances of the application of the inclined plane are verj- 
common. Sloping planks or pieces of timber leading into a 
cellar, and on which casks are rolled up and down ; a plank or 
board with one end elevated on a step, for the convenience of 
trundling wheelbarrows, or rolling barrels into a store, &c., 
are inclined planes. 

4. The advantage gfuned by the use of the inclined plane, 
like that of the other mechanical powers, is attended by a loss 
of time ; for the weight, instead of moving directly up the 
ascent, must move the whole length of the plane, 

5. Chisels and other cutting instruments, which are cham- 
fered or sloped only on one side, are constructed on the prin- 
ciple of the inclined plane. 

91. The wedge consists of two inclined planes united 
at their bases ; and the advantage gained by the use of 
the wedge is in proportion as the length exceeds one 
half the thickness of its converging sides. 

I. Fig. 44 represents a wedge. The line a b repre- *''s* ^*- 
sents the base of each of the inclined planes of which 
it is composed, and at which they are united. 

3. The wedge is a very important mechanical 
power, used to split rocks, timber, &c., which could 
not be effected by any other power. o 

3. Ases, hatchets, knives, and all other cutting in- 
struments chamfered, or sloped on both sides, are constructed 
on the principle of the wedge. 

92. The screw consists of an inclined plane, wound 
round a cylinder, thus producing a circular inclined 

What fbllowB from the greater or less inchnatlon of the plane? Give 

by the use of the incliDed plane? Upon what principle are chisels and 
ether cutting instruments, wliicli are sloped only an oue side, constincteil ? 

91. Of what does the wedge coiisist? What does Fig. 44 represent? 
To what 13 the advantage gained by the wedge in proportion ? Of what 
use is the wedge ? GiVe Eome e samples of the wedge. 

92. Of what does the screw coneist? 
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plane, and form 



ng what is called the threads of the 



The advantage gained in the use of the screw is in 
proportion as the circumference described by the handle 
exceeds the distance between the threads of the screw. 

The screw is generally composed of two parts, the 
screw and the nut ; or, as they are generally called, the 
convex and concave screw. 

1. Fig. 45 represents the screw and the nut. S is the con- 
p. , TBS screw, (which is an inclined plane wound 

round a cylinder,) N is the nut, or concave screw, 
which has a spiral groove, to which the thread 
of the convex screw is accurately fitted. L is a 
Jever attached to the nut, to which the power is 
apphed. By turning the lever 
in one direction the nut ascends, *''b- ^^^ 

and by turning it in the opposite *-"" ■ ^gjc" 

direction, the nut descends on the screw.* In 

this figure the screw is fixed, and the nut is 

moveable, 

2. Fig. 46 represents another screw, which 
is moveable. The nut is fixed to the frame, and 
the screw ascends or descends as the lever L is turned. 

* Although the scrow is mentionod as one of the hi mochanical powers, 
it is, la reality a compound power, coneiBting of a leTer and an inclined 
plane. The power of the screw being estimated by the distance of the 
threads, the closer the threads the greater is tlie power ] but liere, again, 
the inciease of power is procured by an increase of velocity, for a loss of 
time. For if the threads be a quarter of an iiioli apart, the power must 
move throngh the whole circumference of the circle described by the 
lever, in order to move the reeietaiice a quarter of an inch. The screw, 
wi(h its appendage the lever, is therefore used for the purpose of moving 
large or heavy bodies through small distances. Its power may be increased 
by lengthening the lever. The screw is applied to presses of all kinds 
where great power is required, such as hookbiuders' presses, cider and 
wine presses, &c. 

Of how many porta is it generally composed ? Whit are they 7 What 
figure represents the screw and the nut? Explain the figure. How docs 
Fig. 45 differ from Fig. 48? Nate. Is the screw a simple or oompomid 
power? How is the power of the screw estimated? How does the close- 
ness of the thread affect the power? What is the use of the screw? How 
can its power be increased T To what is the screw applied? 
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3. By friction in macliincry is meant the resistacce wLLch 
bodies meet with in rubbing against each other. 

4. There are two kinds of friclion, the rolhng and the 
sUding, The rolling friction is caused hy the rolling of a 
circular body. The sliding friction is produced by the sliding 
or drngging of a body over a flat surface. The sliding friction 
is overcome with more dif&culty than the rolling. In calcula- 
ting the power of a machine, an allowance must always he 
made for friction. It ia usually computed that friction de- 
stroys one-third of the power of a machine.* 

5. Friction is caused by the unevennesa of the surfaces 
which come into contact ;f and it is diminished in proportion 
as the surfaces are smooth and well polished. Oil, grease, 
black-lead, or powdered soap-stone, is used to lessen friction, 

• When finely polished iron is made to rub on beU metal, Iho friction 
IB said to be reduced to about one-eighth. Mr. Babbit of Boston has pre- 
pared a composilioo for the wlieel-boses of locomotive engines and other 
machinery, which it is said has still further reduced the amount of friction. 
This composition is Dow much in use. As the friclion between rolling bodies 
is much less than in those that drag, the aile of large wheels is sometimes 
made to move on email wheels or roliers. These are called friction wheels, 
or friction rollers. They turn round tlieir own centre as the wheel con- 
tinues its motion. 

t All bodies, how well soever they may be polished, have ineqnaliliea in 
thoir surfaces, which may be perceived by a microscope. When, ihere- 
fore, the sorfacea of two bodies come into contact, the prominent parts of 
the one will often fall into tlie hollow parts of the other, and cause more 

snro is increased ; 3d, ss the areiis of the surfaces in contact are increased ; 
3d, as the roughness of the surface is increased. Friclion may be diminished, 
lat, by lessening the weight of tlie body in motion ; 2d, by mechanicajly 
reducing the asperities' of the sliding surfaces ; 3d, by lessening the amount 
of surface of homoganoous bodies in contact with each other ; 4th, by con- 
verting a shding into a roiling motion ; 5th, by applying some suitable 
unguent. 

What is meant by friction in machinery? How many kinds of friction 
aretberel What are thoy? How is the rolling (Hction produced? The 
sliding? Which is overcome with the less difficulty, the rolling or shding? 
What allowance must always be made, in calculating the power of a ma- 
chine? What proportion of the power is usually computed to be destroyed 

thatslido? What causes friction ? In what proportion is it diminisVjed? 
In what manner can it be lessened ? 
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because they act as a polish by filling up the cavities of the 
rubbing surfaces, and thus making them shde moifi easily over 
each other. 

6. From what has been stated with legard to the mechanical 
powers, it appears that by their aid a man is enjibled to per- 
forin works to which his unasKisted natural strength is wholly 
inadequate. But the power of all machines is limited by the 
strength of the materials of which they are composed. Iron, 
which is the strongest of al! substances, will not resist a strain 
beyond a certain Umit. Its cohesive attraction may be de- 
stroyed, and it can withstand no resistance which is stronger 
than its cohesive attraction. Besides the atreng-th of the ma- 
terials, it is necessary, also, to consider the time which is ex- 
pended in the applioatioii of mechanical assistance. Archimedes 
is said to have boasted to Hiero, king of Syracuse, that, if he 
would give him a place to stand upon, he would move the 
whole world. In order to do this, Archimedes must himself 
have moved over as much more space than he moved the 
world, as the weight of the world exceeded his own weight ; 
and it has been computed that he must have moved with the 
velocity of a cannon ball for a million of years, in order to 
move the earth the twenty-seven millionth part of an inch. 

7. Wlieels are used on vehicles to diminish the friction of 
the road. The larger the circumference of the wheel, the 
more readily it will overcome any obstacles, such as stones, or 
inequalities in the road.* 

93. A mediumt is the substance, solid or fluid, which 
surrounds a body. 

■ In deEoendmg- a staep hill, (he wheels of a carriage are often locked, 
(as it is called,) that is, fastened in such a manner as W prevent their 
turning; and tjius the rolling is convoRed into the sliding friction, and the 
vehiele descends more safely. 

Castors are put on the legs of tahlea and other articles of furniture, to 
facilitate the moving of them ; and llius llie eliding is converted into the 
rolling friction. 

t The plural of this word Is media. 

What is the use of wheels 7 In what proportion do they overcome the 
obstacles, such as stones, &«., in the road? Why, in descending a steep 
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Thus, air is the medii 
water is the medium n 
miag, &c. 

94. The motion of all bodies is influenced by the 
medium in which they move ; and the resistance of a 
medium is in exact proportion to its density. 

A body falling through water meets with more resistance 
thaa when falling through air, because water is a .denser 
medium than air. If a macliine could be worked in vacuo, 
(that is, in a vacuum, or a space where there is neither air nor 
any thing else to impede it,) and without friction, it would be 
perfect. 

95. The main-spring of a watch consists of a long 
ribbon of steel, closely coiled, and contained in a round 
box. It is employed instead of a weight, to keep up the 
motion. 

1 At, the spnng when closely ceiled exerts a stronger force 
than when it is partly loosened m order to con :,t this in 
equahty the chiin tiiiou^h which it lets is w jund upon an 
axis surrounded by a 'spiral groove (called a fuiee ) giadually 
increasing in diameter from the top to the bottom so tliat in 
proportion as the strength of the spring is diminished it may 
act on a larger lever or a laiger wheel and aiis 

2 I'ljT' 47 repiesents a 
spnng (.oiled m a round 
box A E IS the fuaee sur 
roundtd by ^ spiral groovp 
on whii^h the chain C is 
wound When the wUchia 
recently wound, the spring 
lb in the gieatest state- of 
tension, and will, therefore, 

turn the fusee by the smallest groove, on the principle of the 
wheel and axle. As the spring loses its force by being partly 
unwound, it acts upon the larger circles of the fusee ; and tlie 

94. To what ia the rsBbtanCB of a medium in proportion? What Jdiie. 
tratioii is given ? When would a machme he perfect 1 

95. Of what doeBthemaiu-aptiiigofa watch coiwist? WTiat is ilBHse? 
Does (he spring exert a sltonger force when closely coiled, or when parliy 
loosened ? What iB done in order to correet this uiequality T What doei 
Fig. 47 repreaeDt ? Explaiii. 
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want of strength in the spring is compensated by the me- 
chanical aid of a latter wheel and axle in the larger grooves. 
By this means the spring is made Ht all times to exert ao equal 
power upon the fusee. The motion ia commimicated from 
the fusee by a cogged wheel which turns with the fusee. 

96. The name of governor has been given to an in- 
genious piece of mechanism, invented by Mr, James 
Watt, which is used to regulate the supply of power in 
machinery ; as that of steam in st earn- engines, and of 
water in water-mills. 

Fig. 48 represents a governor, A B 
and A C are two levers or arms, loaded 
with heavy balls at their extremities 
B and C, and suspended by a joint at 
A upon the extremity of a revolving 
shaft, AD. At a is a collar, or sliding 
bos, connected with the levers by the 
rods b a and c a, with joints at their 
extremities. When the shaft A D re- 
volves rapidly, the centrifugal force of 
the balls B and C will cause them to 
divet^e m their attempt to fly off, and 
thus raise the collar a, by means of 
the rods b a, and e a. On die contrary, 
when the shaft A D revolves slowly, 

the weights B and C will fall by their own weight, and thfl 
rods 6 a and c a will cause the collar a to descend. The steam- 
valve in a steam-engine, or the sluice-gate of a water-wheel, 
being connected with the collar a, the supply of steam of 
water, which puts the works in motion, is thus regulated.* 

* lu mauufacturee, thero is one certain and determinate velocity nitli 
which the machinery eiiould be moved, and which, if inoteaBed ot dirainish- 
od, would reader the machine mifit to perform the work it is designed t« 
execute. How, it frequently happens that the resistance ia increased o; 
diminished by some of the mochinrs which are worked, being stopped, qi 
others put on. The moving power, having this allflration in the reaistauce, 
would impart a greater or leaa velocity to the machmery, were it not fo: 
the regulating power of the governor, which iiiereases or diminishea tha 
supply of water or of steam, which is the movuig power. 




9a What 



Explain Fig. 48. What 
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!)7. Tiic knee-joint, or, as h is sometimes called, tlie 
toggle-pint, consists oi' two rods or bars connected bj' a 
joint, and increasing rapidly in power as the two rods 
approach to the direction of a straight line. 

J. Fig. 49 represents a toggle-joint. A C ^'s- **■ 

and B C are the two rods connected by a joint [^ ^ 

C. A moving force applied in the direction y^ 

C D acts with great and constantly increasing D ~JB -C 

power to separa.te the parts A and B. /^ 

2. The operation of the toggle-joint is seen D B 

in the iron joints wliich are used to uphold the 
tops of chaises. It is also used in various kinds of printing- 
presses, to obtain the greatest power at the moment of iiu- 
preasion. 



CHAPTER V. 

HYDKO STATICS.* 

98. Hydrostatics treats of the nature, gravity, and 
pressure of fluids, 

99. A fluid is a substance which yields to the slightest 
pressure, and the particles of which, having but a slight 
degree of cohesion, move easily among themselves. 

100. A liquid differs from a fluid in its degree of com- 
pressibility f and elasticity. 

• Hydrostatics treats of the properties of fluids al rest; Hydraulics 

t The oipBriments made at Florence many years ago seem to provo 
Ihat some kinds of liquids—ffater, for iiiHtance— are wholly incompressible 
Later eiperimenls, particularly tliose of Mr. Jacob Perkine, of Newbury- 

97. Ofwhaf doe8thBknBe-joint,ortoggle-joint,coagist? In wli at pro- 
portion does it iocreEise \a power? What does Fig. 49 repreaetit? Ex- 
plain the figure. Give an instance of the operatioa of Ihe toggle-joint 
What is its use in printing-presses? 

98. Of what does Hydrostatics treatT 

9^. What is a fluid ? Does the attraction af colieeioa have mueli li|. 
fluonce on the pariifiies of fluids? What follows from this? 

100. How do fluids diffiir from liquidst Can water be comprossed ; 
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1. The particles of fluids gravitate among themselves in a 
more perfect manner than aolids ; because the strong cohi^sion 
of the particles of solid bodies in some measure countei'auis 
the effects of gravity. 

2. From the slight degree of cohesion in the particles of 
fluids, it IB inferred that they must be small, smooth, and 
globular; smooth, because there appears U> be no fiiction 
among them ; and globular, because their touching each other 
but by a point will account for the slightness of their cohesion. 

3. Fluids ctmnot be formed into figures, or preserved in 
heaps, on account of their want of cohesion. 

4. Fluids are subjected to a kind of attraction called capil- 
lary* attraction, by which they are raised above their levels in 
capillary tubes, or tubes the bores of which are exceedingly 
small. Thus, if a small glass tube be placed in water, the 
■water on the inside will rise above the level of that on the 
outside of the tube. 

6. The cause of this seems to be nothing more than the or- 
dinary attraction of the particles of matter for each other. The 
eides of a sm;\l! orifice are so near to each other as to attract 
the particles of the fluid on their opposite sides ; and aa all 
attraction is strongest in the direction of the greatest quantity 
of matter, the water is raised upwards, or in the direction of 

port, (now in London,) have proved that water is capable of a considerable 
degree of compreeeion. Fluids, in general, have a volniilary tondency to 
expand when at liberty ; bnt liquids will not expand without a change of 
temperature. Heat is supposed to bo the primary cause of the fluid form 
of bodies. It insinuates itself between the partiules of bodies, and forces 
them asunder. Thus, for instance, ice, without heat, is a solid ; with heat 
it becomes water, and, with a greater degree of heaf, it expands into aa 
elastic fluid, called steam. 

* The word capillary is derived from the LaUn word capilla, (hair,) 
and it is applied to this hind of attraction, because it is exhibited most 
prominently in tubes, t/if bares o/ which are asjine as a hair^ and hence 
called capillary tubes. 

the flnid form of bodies 7 
itioii is given ) Why do 
fluids gravitate in a more perfect manner than solids? What is inferred 
from the slight degree of cohesion ill the particles of fluids 7 Why smooth ( 
Why globularT Why cannot fluids be formed into ligures, or preserved 
in heaps 7 What do you understand by capillary atttacliou ! Ejtplaiu 
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that the wick la too large for ita tube, aud boiug thuB eompreBsed, the eap- 
illary sttractlou is impeded by the comprEesiou. The remedy is lo reduce 
the size of the wick. Anotber cause, also, that prerente a dear ligltt, is, that 
the fiame is loo far from the euriace of the oil. Aa capillary attraction acts 
only at short distances, the surface of the oil should always be within a short 
distance of the flume. But auother reaeoa which requires particular atteu- 
tian, is, that all hinds of oil usually employed for lamps contain a glntinous 
matter, of which no Ireatment can wholly divest Ihem. This matter fills the 
poreeor capillary tubas of the wick, and provonts the ascent of the oil to feed 
the flame. For this reason the wicks of lamps should be often renewed. 
A wick that has heeu long standing in a. lamp, will rarely afford a clear 
and bright Light. Anothor thing to be noticed by those who wish the 
lamp to perform ita duty in the best possible mauJiet, is, that the wick be 
not of anch size as, by its Ungth as well as ita thickness, to fill the cup, and 
thereby leave no room for the od. It must alao be romonibored, that al- 
i.hough the wick when iirat adjusted may be of the proper size, the glu- 
tinous matter of the oil, filling its capillary tubes, causea the wick to swell, 
and thereby become loo large for the tube, producing the same difficulty 
as has alrividy been noticed in cases where the wick is too large to allow 
th<i free opLfation of capillary attraction 

Explain why the same takes place in all porous substances. Enplain 
ah the oireuniptHiices attending the burning of a lamp. Explain the ex- 
pL'.'unent with the glass plates. 
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pieces of flat, gl^iss, joined together at one side, and separated 
at the other by a tliin strip of wood, card, or other substanpe. 
When thus prepared, immerse the glass in colored water, 
having previously wet the inner surface. The water will then 
nae between the pieces of glass, forming a beautiful curve, 
the higher part appearing where the pieces of glass are in 
contact riiis is exemplified by the glass plates in the " Boa- 
ton School Set." 

101. The level, or equilibrium of fluids, is the tendency 
of the particles so to arrange themselves that every 
part of the sui-face shall be equally distant from the 
centre of the earth ; that is, from the point to which 
gravity tends. 

All fluids have a tendency to preserve this equihbrium. 
Hence the surface of all fluids, when ia a state of rest must 
partake of the spherical form of the earth. This level or 
equilibrium of fluids is the natural result of the independent 
gravitation of each particle. The particles of a solid body 
being united by cohesive attraction; if any one of them be 
supported, it will uphold those also with which it is united. 
But when any particle of a fluid is unsupported, it is attracted 
down to the level of the surface of the fluid ; and the readiness 
with which fluids yield to the slightest pressure will enable the 
particle by its own weight, to penetrate the surface of the fluid 

102. Fluids of different densities all preserve their 
own equilibrium. 

If a quantity of mercury, water, oil, and air, be put into the 
same vessel, they will arrange themselves in the order of their 
specific gravities. The mercury will sink to ttie bottom, the 
water will stand above the mercury, the oil above the water, 
and the air above the oil ; and the surface of each fluid will 
partake of the spherical form of the earth, to which they all 
respectively gravitate. 

103. A water-level is an instrument constructed on the 

101. What is mean; by the level or equihbrium of flnids? Have all 
fluids a tendency to preserve this equilibrium? What foilowe from Ihis? 
Ofwhat is this level or squiiibrium of flnida the natural result 1 Ilowdoea 
the gravitation of solid bodies differ from that of fluids? 

102. Do fluids of diShreai deiwltiai all preserve their own ©quiJibriam t 
What iiluBtration is given to provo thlal 
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principJe of the equilibrium of fluids. It consists of a 
glass tube, partly filled with water, and closed at both 
ends. When the tube is not perfectly horizontal, — 
that is, if one end of the tube be lower than the other, — 
the water will run to the lower end. By this means the 
level of any line to which the instrument is applied may 
be ascertained. 

Fig. 50 represents a water-level. A B *■'«■ **■ 

is a glass tube partly filled with water. C a t; b 

is a bubble of air occupying the space not a '— ^= — ' o 
filled by the water. When both ends of 
the tube are on a level, the air-bubble will remain in the cen- 
tre of the tube; but if either end of the tube be depressed, 
the water will descend and the air-buhble will rise. The glass 
tube when used is generally set in a wooden or a brass bos. 
It is an instrument much used by carpenters, masons, sur- 
veyors, &(!. 

104. Solid bodies gravitate in masses, their parts 
being so connected as to form a whole, and their weight 
may be regarded as concentrated in a point called the 
centre of gravity ; while each particle of a fluid may be 
considered as a separate mass, gravitating independently. 

It is for this reason that a body of water, in faJhng, does 
less injury than a solid body of the same weight. But if the 
water be converted into ice, the particles losing their fluid 
form, and bemg united by cohesive attraction, gravitate united- 

105, Fluids not only press downwards like solids, but 
also upwards, sidewise,* and in every direction. 

* If the particles of Huids were arranged in 
regular columns as in Fig. 51, there would be 
oo laierai preseate ; for when one particle is 
perpendicularly above the other, it can press 
only daaniBards. Bui if the paiticlee he bt- 



What figure reptesi 
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So long as the equality of pressure is undisturbed, 
every particle will remain at rest. If the fluid be dis- 
turbed by agitating it, the equality of pressure will be 
disturbed, and the fluid will not rest until the equilibrium 
is restored. 

I. The downward pressure of fluids is shown by making an 
aperture in the bottom of a vessel of water. Every paiticle 
of the fluid above the aperture will run downwar3s througli 
the opening. 

3. The lateral pressure is shown by making the aperture at 
the side of the vessel. The fluid will then esuape thiough the 
aperture at the side, 

.■i. The upward pressure is shown hy taking a glass tube, 
open at both ends inserting a cork in one end, (or slopping it 
with the fingei,) and unmersing the other in the water. The 
water will not rise in the tube. But the moment the cork is 
taken out, {or the finger removed,) the fluid will rise in the 
tube to a le^el with the surrounding water. 

106. The pre'^'iuie of a fluid is in proportion to the 
perpendicular distance from the surface ; that is, the 
deeper the fluid the greater will be the pressure. This 
pressure is exerted in every direction, so that all the 
parts at the same depth press each other with equal 
force. 

1. A bladder, filled with air, being immersed in water, will 
be contracted in size, on account of the pressure of the water 

ranged oa ia Fig. 52, wLere a particle presseB between two patlicles bo- 
neoth, theee last must eufler a lateral prosauro. In whatever maniier the 

spaces between them. See Fig, 1, page SO. 

How long will the particles ef fluids remain at rest? Explain Fig. 51. 
What does Fig. 52 represent) If the equality of the pressure be nndia- 
turbed, what will follow? If the fluid be agitated, when will it again coma 
to a state of resti How is the downward pressure of fluids shown) The 
lateral pressure ] The upward pressure ? 

106. To what is the pressure of a fluid in proportion T In what direc- 

Why can a bottle, filled with water, or any other liquid, be let dowQ to 
any depth without injury T 
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in all directions ; and the deeper it is immersed, the more will 
it be contracted. 

3. An empty bottle, being corked, and by means of a weight 
let down to a certmn depth in the sea, will either be broken by 
the pressure, or the cork will be driven into it, and the bottle 
be filled with water. This will take place even if the cork be 
secured with wire and sealed. But a bottle filled with water, 
or any other liquid, may be let down to any depth without 
damage, because, in this case, the internal pressure is equal to 
the external.* 

• " Experimenta at seo— We are indebted to a friend, who has just ar- 
rived from Europe, says tbe Baltimore Gazette, for the following experi- 
ments made on board the Ciiarlemagne ; 

" aeth of Scptombor, 1836, the weather being calm, I corked an empty 
wine-bottle, and tied a piece of linen over the cork ; I then sank it into 

inside, the linen remained as it was placed, and the bottle was filled with 

" I next made a nooae of Blroiig twine around the bottom of the cork, 
which I forced into the empty bottle, lashed the twine eeourely lo ihe neck 
of the bottle, and saoh the battle six hundred feet. Upon drawing it up 
immediately, tho cork was found in^de, having forced its way by (he twine, 
and iu so doing had broken itself in two pieces ; the bottle was filled with 

" I then made a stopper of white pine, long enough to reach to the bot- 
tom of the battle; after forcing this stopper into the bottle,! cut it oif about 
half an inch above the top of the bottle and drove two wedges, of the same 
wood, into the stopper. I sank it six hundred feet, and upon drawing it 
up imit>ediately the stopper remained as I placed it, and there was about 
a gill of water in the bottle, which remained unbroken. The water most 
have fbrced its way through the pores of the wooden stopper, although 
wedged as aforesaid; and had the bottle remained sunk long enoagh, there 
is no doubt that it would have been filled with water." 

Similar experiments were made by the author of this work, in a voyage 
to the West Indies iu the year 1833, firat with an empty bottle and then 
with a bottle filled with water from the tanks on tho deck ; in both cases 
tho bottle being closely stopped and the cork covered with cauvass. The 
empty bottle was drawn from a depth of six hundred feet filled with w^er, 
and the full bottle with bracltlsh water, the water from the tank having 

It is the opinion of some philosophers, that tho pressure at very great 

What experiment is mentioned in the notol What opinion have some 
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107. From what, has now been stated, it appears tlial 
the lateral pressure proceeds entirely from the pressure 
downwards, or, in other words, from the weight of the 
liquid above ; and that consequently the lower an orifice 
is made in a vessel containing water or any other liquid, 
the greater will be the force and velocity with whicli 
the liquid will rush out. 

Fig. S3 represents a vessel of water, ^'s- 53. 

with orifices at the side at differeot dis- 
tances froin the surface. The different 
curves in the figure, described by the liquid 
in running out of the vesse], show the ac- 
tion of gravity and the effects produced 
by the force of the pressure on the liquid 
at different depths. Ai A the pressure is tbe least, hecause 
there is less weight of fluid above. At B and C the fluid is 
driven outwards by the weight of that portion above, and the 
force will be strongest at C. 

108. As the lateral pressure arises solely from the 
downward pressure, it is not affected by the width nor 
the length of the vessel in which it is contained, but 
merely by its depth ; for as every particle acts indepen- 
dently of the rest, it is only the column of particles above 
the orifice that can weigh upon and press out the water. 

109. The lateral pressure on one side of a cubical ves- 
sel will be equal only to half of the pressure downwards ; 
for every particle at the bottom of the vessel is pressed 
upon by a column of the whole depth of the fluid, 
while the lateral pressure diminishes from the bottom 
upwai'ds to the surface, where the particles have no 
pressure. 

depths of tlie sea is ao great, that the water is coudiiiiaod iuto a solid state ; 
aud that at or ueor the centre of tliB earth, if the fluid could extend so 
deeply, this pressure would ooHVert the whole iuto a solid mass of tiro. 
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plain Fig. 53. 
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110. Tlie upward prcs^sure of fluids, fllthoiigli ap- 
parentlij in opposition to the principles ot' gravity, is but 
a necessary consequence of the operation of that princi- 
ple ; or, in other words, the pressure upwards as well as 
the pressure downwards is caused by gravity. 

When water is poured into a vessel with a spout, (like a 
tea-pot, for instance,) the water rises in the spout to a level 
with that in the hody of the vesseh The particles of water at 
tlie bottom of the vessel are pressed upon by the particles 
above them, and to this pressure they will yield, if there is 
any mode of making way for the particles above them. As 
they cannot descend through the bottom of 
the vessel they will change their direction ^'s- ^*- 

and rise in the spout. Fig. 54 represents a ^^---^ ^^ o. 

tea-pot, and the columns of balls represeut ^^^^^^^fff 
the particles of wat«r magnified. From an '^Wn M^ 
inspection of the figure it appears that the ^^ '"" 

particle numbered 1, at the bottom, will be 
pressed laterally, by the particle numbered 2, and by this 
pressure forced into the spout, where meeting with the particle 
3 it presses it upwards, and this pressure will be continued 
from 3 to 4, from 4 to 5, and SO on till the water in the spout 
has risen to a level with that in the body of the vessel. If 
water be poured into the spout the water will rise in the same 
manner in the body of the vessel ; from which it appears that 
the force of pressure depends entirely <m the height, attd not on 
the length or breadth of the column offiuid. 

111. One principle in hydrostatics, is so remarkable, 
that it is named the hydrostatic paradox. It is this. 
That any quantity ofjluid, however small, may be made 
to balance and support any other quantity, however 



no. What causes the upward and downward pressureT Illuatiate iliia 
by Fig. 54. 

111. Upon what does the force of pressure depend T What is meant hj 
die hydrostatic paradox? What is the use of the hydrostatio bellows? 
What figure represents the hydrostaljc bellowB? Explain the figure. 
What is the fundamental principle of Mechanics ? Is this ihe principle 
of tbe hydrostatic bellows? 
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Fig. 55 represents the hydrostatic bellows* 
A B IS a long tube, one inch square. C D EF 
are the bellows, consisting of two boards, 
eiffkt inches square, connected by broad pieces 
of leather, or india-rubber cloth, in the man- 
ner of a pair of common bellows. One pound 
of water poured into the tube will raise 64 
pomids on the bellows. If a smaller tube be 
used the same quantity of water will fill it 
higher, and consequently will raise a greiiter 
weight ; but if a larger tube be used it will of ^ 
course not fill it so high, and consequentlj _ ^ ^^^^ 
will not raise so great a weight ; because it E^ ^^I^^ 
is the heiffht not the quatttily wMch cavses the dp 

^esmire.\ 

» ThiB 18 the form of the HydrOBlatic bellows iji Ihe orijioal "Boston 
School Set." By means of a slraight jet BubstLtuted tor the tube, it WM 
designed to illustrate a principle in Hydranlios also. 

t The Hydroatatic bollo»-s may bo constmeted in a variety of forms, 
the simplest of which consists, sa in the figure, of two hoards connected 
together by broad pieces of leather, or india-rubber cloth, in such a man- 
hm as to allow the upper board to rise and full like the common bellows. 
A perpendicular tube Is so adjusted to this apparatus, that water poured 
into the tube, passing between the boards, will separate thetn by its up- 
ward pre^ure, even although the upper board ia loaded with a considerable 
weight. 

[N. B. A small quaiiUty of water must be poured into the bellows to sep- 
arate the surfaces before they are loaded with the weight.] 

I'he force of prEssure exerted on the bellows by the water poured 
into the tube, is estimated by the comparative size of the tube and the bcl- 
ioH-A. Thus, if the tube be one inch square, and the lop of the b<:llow9 
twelve inches, thus containing 144 square inches, a pound of water poured 
into the tube will exert a pressure of 144 pounds on the bellows. Now it 
will be clearly perceived that ikis pressure is eaxtsed by the height of the 
column of water in the tube. A pound, or a pint of water will fill the 
tube 144 times as high as the same quantity would fill the bellows. To 
raise a weight of 144 pounds on the beliows to the height of one inch, it 
will be necessary to pour into the tube as much water as would fill the 
lube were it 144 inches long. It will thus he perceived that ihe funda- 
mental principle of ihe latee of motion is here also in full force; namely, 
that tchat is gained in pauier is lost either in time or in space; for, 
while the water in the bellows is rising to the height of one inch, that iu 
the tube passes over 144 inches. 
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Fig. 56 is an apparatus* to show that liquids press according 
to the height and not 
the quantity. A and 
B are two vessels of 
unequal size but of 
the same length. 
These may succes- 
sively be screwed to 
the apparatus and 
filled with water. 
Weights may then 
be added to the sus- 
pended scale un- 
til the pressure is 
counterbaUoced. It 
will then be per- 
ceived that al- 
though A is ten 
times larger than B, 
the water will stand 
at the same height 

rti both, because they are of the lame length. If C be used in- 
stead of A or B, the apparatus may be used as the hydrostatic 
Oellows. 

1 12. If water be confined in any vessel, and a pressure 
to any amount be exerted on a square inch of that 
water, a pressure to an equal amount wi'l be transmit- 
ted to every square inch of the surface of the vessel in 
which the water is confined,! 

■ This apparatue, belonging to th« " Boston ^ :hool Sot," uuiles sim- 
plicity with ooiiTeiiienqe. Instead of two boardB. connected with leather, 
an india-rubber bag is placed botwean two boards, and the boards are 
made to rise or fall as the water rune into or out of the bag. It ia an ap- 
paintits easily repaired, and tho bag may also be used for gas, or for ex- 

t This property of flaida seems to invest UB with a power of increasing 
the intenaity of a preeaure exerted by a comparatively Bmall force, without 
any other limit than that of the strength of the materials of which the en- 
gine itself ia coustruclBd. It also enables us with great facility to transmit 

lia. What fact is mentioned in this number with regard to the prea- 
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1. It is upon this principle that Bramah's hydrostatic press. 



repi'eseiitt'' 
this appoi-atus 
as follows a 



I'ig. 57, is constructed. The n 




Fig 57 
large metalhi- cyl 
uider hning com- 
muDicition one 
with the othpr 
Water stands in 
both the cylin 
ders The piston 
S carries 3 strong 
head P, which 
works m a frame 
opposite to a sum 
lar plate, E Be 
tween the two 
plates the sub 
stance W to be 

compressed is placed In the nirrnw tube a is a piston p, 
worked by a leier cbd,\t& short arm ch dmmg the piston, 
Tvbile the power is applied at d The pressure extrted by 
the small piston^ on the water at a is tiaaismitted with equal 
force throughout the entire mass of the fluid while the surface 
at A presses up the piston 8 with a foice proportioned to its 
aiea For instance, if the cyhnder a of the force pump has 
an aiea of half an inch while the great cyhnder has an 
area ot 200 inches then the pressure ot the wafer in the lat- 
ter on the piston S will be (1 half mth multiplied by 400 
half inches) equal to 400 times that on p 

2 Next, suppose the arms of the ievei to be to each other 
as 1 to 50, and that at d, the extremity of the longer arm, a 

Iha motion and force of one machine to that of another, in cases where local 
eireumstancea preclude Uie posability of iiietitutiug any ordinary mechan- 
ical connection between the two machines. TIihb, merely by means of 
water-pipes, the force of a machine may be transmitted to any distance, 
and over inequalities of ground, or tlirough any other obstmctionB. 



Upon what principle is Bramah'e hydrostatic press constructed? What 
figure representfl thial Eiplain the figure. To what uecs is this press 
appliad t 
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HYDGOSTATICS, 85 

man TOrks with a force of 50 pounds, the piston p will con- 
sequently descend on the water with a force of 2000 pouads. 
Deducting ^ for the loss of power ciiused by the different im- 
pedunenta to motion, and one man would still be able to exert 
a force" of three quarters of a million of pounds hy means 
of this machine. This press is used in pressing paper, cloth, 
hay, gunpowder, &c. ; also in uprooting trees, testing the 
sttength of ropes, i&c. 

113. A fluid specifically lighter than another fluid will 
float upon its surface.* 

114, A body specifically lighter than a fluid will sink 
ill the fluid until it has dispiaced a portion of the fluid 
equal in weight to itself. 

If a piece of cork is placed in a vessel of water, about one 
tliiid part of the cork will sink below, and the remainder will 
stand above the surface of the water ; thereby displacing a 
portion of water equal in bulk to about a third part of the 
cork, and this quantity of water is equal in weight to the whole 
of the cork ; because the specific gravity of water is about 
three times as great as that of cork.| 

» The slaves iu the West Indies, it is said, staal rum by inscttiug the 
mag neck of a bottle, full of WBter, Uirough the top aperture of the rum- 
cask. The water falls out of the bottle into the cask, while the lighter 

t It is on the same principle that boats, ships, &c., although composed 

shape, they are made to set lightly on the water. The eitont of the sur- 
face pteseitted to the water counterbalances the weight of the materials, 
and the vessel sinks to such a depth as will cause it to displace a portion 
of water equal in weight to the whole weight of the vessel. From a knowl- 
edge of the specific gravity of watsr, and the materials or which a vessel 
is composed, rules have been formed hy which to estimate the tonnage of 
vesels ; that is to say, the weiglit which the vessel will soBtain without 

another 1 
i body specifically lighter than a 
this? How do the specific gravitirH 
1 other! Upon what principle is it 
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8f> NATUI 

115. The standard which has been adopted to estimate 
the specific gravity of bodies, is rain or distilled water.* 

Taking a certain quantity of rain or distilled water, we find 
that a quantity of gold, equal in bulk, will weigh nearly 
twenty times as much as the water; of lead, nearly twelve 
times as much ; while oil, spirit, cork, &c., will weigh less than 
the water. ■(■ 

■ As heal eipands and cold oondeuses all metals, Iheir spacific gravity 

will not serve as a Btaadard to eBtiinate the specific gravity of other bodies. 
The reasoa that distilUd water is used is, that spring, well, or river water 
is seldom perfectly pnre ; and the varions Bubetancea mixed with it aifECt 
iU weight. The oauso of the ascent of steam, or vapor, may be found in 
its apecific gravity. It may here be stated that rain, snow, and hail are 
formed by the condeneation of the particles of vapor in Ihe upper regions 
of the atmoaphete. Fine watery particles coming within the sphere of 
each other's attractions, unite in the form of a drop, which being heavier 
thaii the air, falls to the earth. Snow and hail differ from rain only in the 
different degrees of temperature at which the particles unite. When rain, 
snow, or bail fall, part of it reaacends in the form of vapor, and forms 
clouds ; part is abeorbed by (be roote of vegetables, and part descends jnla 
(lie earth and forma springa. The sptiiigB form brooka, rivulets, rivers, &0., 
and descend to the ocean, where being again heated by Che sun, the water 
rising in the form of vapor, again fotms clouds, and again descends in tain, 
snow, hail, &e. The specific gravity of the watery particles which con- 
stitute vapor, is less than that of the au- near the aurfaee of (he earth ; 
they will, therefore, ascend until they reach a portion of the atmoaphere of 
the same apecific gravity with themselves. But the constant accession of 
fresh vapor from the earth, and the loss of heat, causes several partiolea to 

and they unite ia Ihe form of a drop, the specific gravity of which being 
greater than that of the atmosphere, it will fall in the form of rain. Water, 
as it descends in rain, snow, or hail, is perfectly pure, but when it has 
fallen to the earth, it mixea with the various stibstancfs through which it 
passes, which gives it a species of flavor, without aflecting its transparency, 
t The following table shows the specific gravity of (he eubelances (here- 
in mentioned. It is to be understood that all substances whose specific 
gravity is greater than water, will sink when immeised in it, and that all 

115. What standard liaa been adopted to estimate the specific gravity uf 
substances in general? Why could not metela have been adopted ? Why 
IB distilled water used? What bodies will sink when immeraed in water? 
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Fig. 58. 



116. The specific gravity of bodies that will sink in 
water is ascertained by weighing them first in water, 
and then out of the water, and dividing the weight out 
of the water by the loss of weight in water. 

1. Fig. 58 represents the scales for as- 
certaining the specific graTity of bodies. 
One scale is shorter than the other, and 
a hook is attached to the bottom of the 
scale to which substances, whose speci- 
fic gravity is sought, may he attached 
and sunk in water. 

2. Suppose a cubic inch of ^ 
weighs 10 ounces when weighed out 



ri 



whose specific gravity is less than that of wati 
lliejx take a quantity of water whioh will wi 
quantity of the substances specilied in the Is 






Ice, - 






Cork, - - . 
Common air 
Hydrogen gs 

:>irdupois 



A cubic foot of water weighe one thousand avoirdupoie ounces. By 
multiplying the numher opposite to any Bubalanoe in the above table by one 
thousand, wo obtain (ho weight of a cubic foot of that substanco, in ounces 
Thus, a cubic foot of platinum is 33000 ouuces in weight 

In the above table it appeals that (he specific gravity of living men is 
about one ninth less than that of common water. So long, therefore, as the 
lungs can bo kept ftoe from water, a person, althougli unacquaiBted with 
the art of swimming, will not completely siuk, provided the hands and arms 
be kept under water. 

The specific gravity of sea water is greater than that of (ho water of 
lakes and rivers, on account of the salt contained in it On this account 
the water of lakes and rivers has leas buoyancy, and it is more dilliult to 



What is the weight of a cubic foot of water? What \e the use of i 
above table? How does the Bpeciiic gravity of living men compare w 
(bat of water? Whioh is (he greater, the specific gravity of sea water, 
of lakes and rivers? Why? 

116. How is the specific gravity of bodies that will sink in water asc 
rained? What lliustral.ion is t^ven? Explain Fig 5B 
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of the water, and but 18 ounces* when weighed in water — ths 
loss in water is one ounce. The weight out of water, 19 
ounces, being divided, by one {the loss in water) gives 19. 
The specific gravity of gold, then, would he 19, or, in other 
words, gold is nineteen times heavier than water. 

1 17. The specific gravity of a body that will not sink 
in water, is ascertained by dividing its "weight Ijy the 
sum of its weight, added to the loss of weight which 
it occasions in a heavy body previously bsJanced in 
water, f 

* The gold will weigh less in the water than out of it, an account of the 
upwanl pressure of the particlee of water, which in eome meaanre supporls 
it, and by no doing diminishes its weight. Now, aa the upward prBssi,_j 
of these particles is exactly enfficient to halauce the downward pressure of 
a quantity of watar of exactly the Bame dimeneians with the gold, it fol- 
lows that the gold will loae exactly as much of its weight in water, as a 
quantity of water of the same dinieiisioiia with the gold will weigh. And 
this rule applies to all bodies heavier than water, that are immeisad 
in it They will lose as much of their tneight m icater aa a qaan- 
tity of water of their own dimensions wei^hx. AH bodies, therefore, of 
the same hib, lose the same quantity of Iheir weight in water. Hence, 
tht specific gravity of a body is the- weight of it compared with that 
of water. As a body loseB a qnanllly of its weight when unmersed in 
water, it follows that when the body is lifted from the water, that portion 
of its weight which it had lost will be restored. This is the reason that 
a bucket of water, drawn from a well, is heavier when it rise« above the 
surface of the water in the well, than it is while it remains below tlie sur- 
face. For the same reason oiu' limbs feel heavy in loaviag a bath. 

t The method of aEcertainiug the specific gravities of bodies was dis- 
covered accidentally by Archimedes. He had heen employed by the king 
of Syracuse to investigate the metals of a golden crown which hesuspoct- 

Why will gold weigh less in tlie water than out of it ? How does this 
upward pressure of the particles compare with the downward pressure of 
a quantity of water of the same dimensions ? What follows from this ? 
What rule is given with regard to all bodies heavier than water that are 
immersed in it? What is the specific gravity of a body? What is the 

rises above the surface of the water, than while it is below it 7 

117. How can the specific gravity of a body that will not sink in water 
be ascertained? What illustration ia given ? By whom was the method 
of ascertaining the specific gravities of bodies discovered T In what maii- 
ner did he ascertain it?. 
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' a. body lighter than wiiter weighs six ounces, and on be- 
attached to a heavy body, balanced in water, is found to 
ision it to lose twelve ounces of its weight, its specific 
jrravity is deteiTOined by dividing its weight (aix ouncesj hy 
the sum of its weight, added to the loss of weight it occasions 
in the heavy body, namely, sis added to twelve, which, in 
other words, is 6 divided by 18, or 5^, which is ^. 

118, An hydrometer is an instrument to ascertain the 
specific gravity of liquids. 

1. The hydrometer is constructed on the principle, that 
the greater the weight of a liquid, the greater will be its 
buoyancy. 

2. The hydrometer ia made in a variety of forms, but it 
generally consists of a hollow ball of silver, glass, or other 
material, with a graduated scale rising from Sje upper part, 
A weight is attached below the ball. Wlien the instrument, 
thus constructed, is immersed in a fluid, the specific gravity 
of the fluid is estimated by the portion of the scale that re- 
mains above the surface of the fluid. The greater the specific 
gravity of the fluid, the less will the scale sink. 

ed had beaji adulleiated by ihe workmen. The philosophei laborad at the 
probEem in vaiu, till going ojie day into the bath, he perceived that the 
water rose in tlie balh in pruportion to tbe bulk of his body. He inatantjy 
perceived that any other aubEtauce of eqaal siie would laiea the water juEt 
as much, though one of equal weight and lea) bulk could not produce the 
tame effect He then obtained two masses, one of gold and one of silver, 
each equal in weight to the crowii, and having filled a vessel very accu- 

quantity of water that flowed over; he then did the same with the gold, 
and found that a ieas quantity had passed over Ihaa before. Hence he 
inferred that, though of eqaal weight, the bulk of the silver was greater 
than that of the gold, aiid that the quantity of water displaced was, in 
euch experiment, equal to the bulk of tbe metal- He next mdde trial 
with the crown, and found that it displaced mora water than the gold, and 
\esh than the Eilver, which led him to conclude, that it was neither pure 
gold nor pure silver, 

118. What Is an hydrometer? Upon what principle is it constructed? 
Explain its construction. In what proportion does llie scale siuk ? 
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CHAPTER VI. 

HYDRAULICS. 

119. Hydraulics treats of the motion of fluids, particu- 
larly of water ; and the construction of all kinds of in- 
struments and machines for moving them. 

Water, in its motion, is retarded by the friction of tLo 
bottom and sides of the channel through which it passes. 
For tliis reason the velocity of the surface of a running stream 
is always greater than that of any other part.* 

190. A fluid running from an orifice in a vessel is dis- 
charged with the greater rapidity when the vessel from 
which it flows is kept constantly full. 

This is a necessary consequence of the law, that pressure is 
proportioned to the height of the column above. 

121. When a fluid spouts from several orifices in the 
side of a vessel, it is thrown to the greatest distance 
from the orifice nearest to the centre.t . 

122, A vessel filled with any liquid will discharge a 
greater quantity of the liquid through an orifice to which 

• In consequence of Ihefriclion of the banks and beds of rivera, and (ho 
nnmeroua obelaclas they moot In their circuitoue coiUEe, their progress i« 
nontfl, the velocity whici 





An inclina- 


tion of thiee incheB in a mile, >n the bed of a river, will give 


the cnrreat a 


Telocity of about tliree miles an hour. 




t This is true only on the condition that the vessel bo not 


elevated. U 


the vessel be elevated, the lowest orifice will discharge the 


fluid to the 


greatest distance, but when Ibe vessel is placed low, tho fli 


lid will reach 


the plane before its pcojectile force ia enpended. 




119. Of what does Hydraulics treat ? What retards the mot 


ion of water? 


Why does the sitrfaee of a canal or river have a greater velo 


city than any 






190, Does the fulness of a vessel from the orifice of wh 


ich a fluid Is 


running, have any effect opon its velocity? 




lai. When a fluid spouts from several orifices in tlio sid. 


D of a vessel. 


frou] which is it llitown to ilio greatest distance ! 
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a short pipe of peculiar shape is fitted, than through an 
orifice of the same size without a pipe.* But if the pipe 
project into the vessel, the quantity discharged will be 
diminished instead of increased by the pipe. 

The quantity of a fluid discharged through a pipe or aa 
orifice is increased by heating the liquid ; because heat di- 
minishes the cohesion of the pardclea, which exists, to a certain 
degree, in all liquids. 

123 The velocity of a current of water may be as- 
certained bj immersm^ m it a bent ^,_^ ^„ 
tube, shaped like a turine! at the end 
which 19 immeised 

Fig S9 IS a tube shaped liLe a tun 
nel, with the larger end irameised in in 
opposite direi tion to the cuitent The 

p'd ty f the current js estimated by 
tl h 1 1 t which the water is forced 

t th t b above the surface of the 
ui t By inch an msfrument the 

mp rat elocity of diflerent streams 
tb m stream at different times 

y b t mated.f 

• This IB caused by the crosa-cnrreiHa made bj the rush ng of the water 
ftom different dirisctioustowardBtha sharp-edged orifice The ppe smooths 
Iha passage of the liquid. 

bodiiw are used; 3B, for example, a glass bottle filled with a suiEcieiit 
quaplity of water to make it sink just below the level of the current, 
and having a small flag projecting from the eork. A wheel may also be 
caused to reTolve by the current stiiking against boank projecting from 
the clrcumferonce of the wheel, and the rapidity of the curreut may be 
estimated by the number of the revolutions in a given time. 

122. What fiflect will a pipe, fitted to an orifice, have with regard to the 
quantity discharged? What will be the eSect if the pipe project into the 
vessel 7 How can the quautity discharged through a pipe or orifice, be 
iactoasedT Why will heat increase it? 

123. How can the velocity of a current of water bo ascertained ? Wliat 
does Fig. 59 represent? Hovr is the rapidity of the current estimate''' 
What is (he use of the instrument? 
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124. Waves are caused by the friction between air 
and water.* 

12.5. The instruments used for raising or drawing 
water or other liquids, are the common pump,t the 
chain pump, the forcing pump, the siphon, and the screw 
of Archimedes. 

126. The chain-pump is a ma- ^'^- ^■ 
chine by which the water is lifted 
through a box or channel, by boards 
fitted to the chdnnel and attached 
to a chain It has been used pnn 
cipilly on board of ahips 

Fig 60 represents a ohain jMimp It 
consisfj, of a square bos through whi h 
a number of square board-, or buckets 
connected by a chain is made to pass 
The Lhiin passes o^er the wheGl C and 
under the wheel D which is « idi>r 
water The buckets aie made to tt 
the box so as to mo\e with httle fre 
tion The upper wheel C is tuined 
by a crank (not represented in the Fig ) 
which causes the chain with the buckets 
attached to pass through the box. Each 
bucket, as it eaters the box, lifts up the 
water above it, and discharges it at the 
top. 

127. The screw of Archimedes is 
have been invented by the philosophi 

* When oil is poured oi 




machine said to 
Archimedes, for 



194. What 


causes waves? What is sometimes done 


friction? 




laS. What 


instnimoiits are nsod for ra'ahig liquids ? 


136. When 


iBlhochain-pnnipused? What figure rep 


plain the flgu 


■e. 
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raising water and draining the lands of 
200 years before the Christian era. 

Fig. 81 represents the 
screw of Archimedes. 
A single tube, or two 
tubes, are wound in the 
form of a screw around 
a shaft or cylinder, sup- 
ported by the prop and 
the pivot A, and turned 
by the handle A 

the end of the tub d p 
into the water, it ti d 
with the fluid, wh h 
forced up the tub b 



ilgypt, about 




the 






128, Spring a a e f ned b he water, 

from rain, sno &, h h ne a he earth, and 
descends until ne a b n e wh annot pen- 

etrate. A reservoir is then formed by the union of small 
streams under ground, and the water continues to accu- 
mulate until it finds an outlet. 




Fig. 62 represents a vertinal section of the crust of the 
earth, a, e, and t are strata, either porous, or full of cracks, 

les? Explaiu the use of the 
Enpfaiii Fijr. 62. 



la:. WhBtiH-aidofHi 
lerew by Fiff- 61 

198. itow are sptiuga i 



:rew of Archiii 
rivulets forme* 
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ivliich permit the water to flow through, while h, d, and /, are 
impervious to the water. Now accoMing to the laws of hy- 
drostatics, the water at h will descend and form b, natural 
spi'ing at g ; at t it will run with considerable force, forming a 
natural jet ; and at I, p, and g, artesian wells may be dug, in 
which the water will rise to the respective heights gh,ph, and 
I m, the water not being allowed to come in contact with the 
porous soil through which the bore is made, but being brought 
ill pipes to the surface ; at n the water will ascend to about o, 
and there will be no fountain. This explains also the manner 
in which water is obtained by digging wells. 

129. A spring will rise nearly as high, hut cannot rise 
higher than the reservoir from whence it issues. Water 
may be conveyed over hills and valleys in bent pipes 
and tubes, or through natural passages, to any height 
which is not greater.than the level of the reservoir from 
whence it flows.* 

130. Fountains are formed by water 
carried through natural or artificial 
ducts from a reservoir. The water will 
spout through the ducts to nearl^t the 
height of the surface of the reservou 

A simple method of making an ai tifiuiol 
fountain may be understood by Fig 63 
A glass siphon a&c is immersed in a \essel 
of water, and the air being exhausted fiom 
the siphon, a jet will be produced at a pro 
portioned to the fineness of the bore and the 
length of the tube. 

Komana, ignorant of this property of fluids, conBtrgeled 
TiwK vbIIbvs. «t ornnt eipaiise, to convey wuter over them. 



LSt aqueducts 

he modems effect the 



The reastance of the a 
le hei^t with the reserve 



s the fluids from rii 



129. How high will 

130. How are foui 
through the ducts? 
lieight with the reservi 



3 formed? How high wilt the wati 
it prevents the fluid from rising to tl 
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131. The siphon is a tube bent in the form of the 
letter U, one side being a little longer than the other. 

1. Fig. 64 represents a siphon. A siphon is 

used by filling it with water or some other fluid, *''b- m. 
then stopping both ends, and in this state im- 
mersing the shorter leg or side into a vessel con- 
taining a liquid, 'fhe ends being then unstopped, 
the liqmd will run through the siphon until the 
vessel is emptied. In performing this experiment, 
tlie end of the siphon which is out of (Ae taater Ttiusl 
always he below the surface of ike water. 

2. This instrument may also be used to show 
the equilibrium of fluids. For, if the tube be in- 
verted aod two liquids poured into it, they will 
rise in each side or leg of the siphon to dif- 
ferent heights — the higher fluid standing at the highest level. 
The specific gravity of mercury being thirteen times greater than 
that of watei', will balance thirteen times its bulk of water. 
Consequently water will rise thirteen times as high on one side 
of the siphon as the mercury on the other. But if one liquid 
only is poured into the siphon it will rise to the same height in 
both sides oi legs of the siphon 

3. Tantalus cup consists of a gjbkt contaming a small 
figure of a man A siphon is l ini,e iled within 

the figuie nhi h emptits thi water trom ths ^s- 65. 
gohlet as fast as it is poured m so th^t the gUss ^^^fii 

4. Fig ti5 represents the cup with the iphon n I I 
fhe figure of the min is omitted in < idtr that ^)X 
the position ot the siphon miy be seen ^^y 

132. Water, bj means of its weight or its force when 
in motion, becomes a mechanical agent of great power. 
It IS used to piope! or turn wheels of different construc- 
Inn which, being connected with machinery of various 
kinds, form milK, &c. 



131 What is the Hiphon' In what manner is the siphon uBod 7 How 
eau the siphon he used to. show the equilibrium of fluids 1 How high wiil 
the liquid rise in each side of the aiphon 7 What is Tantalus' cup 7 What 
does Fig. 65 represent 7 

13S. How, and for what purposes is water used as a mechanical agent 7 
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There are three kinds of water-wheels, called ol- 
der shot, overshot, and breast wheels. 

133. The Overshot wheel is a wheel set in motion by 
the weight of water flowing upon it. It receives its 
motion at the top. 

Fig. 66 represents the OTershot ^^- ^■ 

ivliecl. It consists of a wheel turn- 
ing on an axis, (not represented in 
the Fig.,) with compartments called 
buckets, abed, Ac, at the circum- 
ference, which are successively filled 
■with water from the stream S. The 
weight of the watfir in the buckets 
causes the wheel to turn, and the 
buckets being graduaJly inverted are 
emptied as they descend. It will be si 

of the figure, that the buckets in the descending side of tlie 
wheel are always filled, or partly filled, wliile those in the op- 
posit* or ascending part are always empty until they are again 
presented to the stream. This kind of wheel is the most 
powerful of all the water-wheels. 

134. The Undershot wheel-is a wheel which is moved 
by the motion of the water. It receives its impulse at 
the bottom. 

Fig. 67 represents the 
imdershot wheel. Instead 
of buckets at the circum- 
ference, it is furnished with 
plane surfaces, called fioat- 
boards, abed, &c., which 
receive the impulse of. the, 
water, and cause the wheel 
to revolve. 



;n. from an inspection 




How many kinds of wator-wheels are there ? 

133. What is (he overehot wheel ? Where do 
Explain Fig. 6G. What oaiisfa the wheel to tur 
compare in power with the other water-wheela 1 

134. What is the uudorshot wheel! Where c 
What does Fig. 07 representT How dosa th 
oveishot? 
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135. The Brer^st- wheel is a wheel which receives the 
water at about half 

its own height, or ^'s- es. 

at' the level of its 
axis. It is moved 
both by the weight 
and the motion of 
the water." 

Fig. 68 represents a 
breast -wheel. It ia 
furnished either with i 
buckets, or with float- 
l>();i]-ds, fitting the water- 




CHAPTER VH. 



PNEUMATICS. 



136. Pneumatics treats of the nature, mechanical 
properties, and effects of air and similar fluids, distin- 
guished by the name of aeriform fluids, f 

137. The air- we breathe is an elastic fluid which sur- 
rounds the earth, extending to an indefinite distance 
above its surface, and constantly decreasing upwards in 
density. J 

* In all the wheels which iiavs been described, the motion given lo tho 
w>ieel is communicated lo other machiuetj' or gearing, as it is called, by 
itSier wheels ot pinions attached to the aiie, such as hove been described 
jiidor the head of Mechanics. 

t An aSriform fluid is a fluid in Ihe form of (ur, and, like air, generally 
aivisible. 

t The terras " rarefaction" and " rarefied" are applied lo air when it ia 
ixpanded; and *^ condensation " or ^^ coni/enjfif,^' when it is compressed. 



which have been described, comniuiiicatedT 

136. Of what does Pneumalice treat ) 

137. What ia the air which wa breathe ? I] 
the surfitca of the earth 1 
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Tt possesses many of the properties beloigin^ to liquids in 
genera!, besides sevei-al others, tlie result, or, perhaps, the 
cause of its elasticity. Its specific gravity is eight hundreil 
times less than that of water.* 

138. Air, steam, vapor, gas, are all elastic fluids pos- 
sessing the same mechanical properties.f Whatever, 
therefore, is stated in relation to air, belongs in common 
to all of these fluids. 

139. Aeriform fluids have weight, but no cohesive 
attraction. 

140. Air has two principal properties, namely, Gbav- 
iTY and Elasticltv.J 

It has already been stated, that the air near the snrface of the earth bears 
the weight of that which is ahove it Being compressed, therefore, by the 
weight of that above it, it niuBt esist Id a condensed form near the surface 
of the earth, while in the upper regions of the Etraosphero, whore there is 
no pressure, it is highly rarefied. This condensation, or pies^nre, is very 
similar to that of water at great depths in tbo sea. 

• The air is necessary to animal and vegetable life, and lo combustion. 
It is a very heterogeneous miitnre, being filled with vapors of all kinds 
It consiBls, however, of two principal ingredients, called oiygeii and nitro- 
gen, or azote; oftho former of whidi there are 3B parts, and of the latter, 
73 m a hundred. The air ia not visibio, because it is perfectly transparent. 
It may be felt when it moves in the form of nind, or by ewiiigiug the hand 
rapidly backwards and forwards. 

t The chemical properties of liquids, fluids, &c., are not treated in the 
sciences of Fneumatics, Hydraulics, or Hydrostatics, but belong peculiarly 
to the science of Chemistry. They are not, therefore, described in this 
work. But fluids possess all the ptopetlies of liquids, and the Jaws of 
Hydrostatics and Hydraulics apply to them as well as to liquids. 

t Besides those two principal properties, the operations of which pro- 
duce most of the phenomena of Pneumatics, it will be recollected that 
as lur, although an invisible is yet a material substance, possessing all lh& 

Does it possess properties common to liquids in general \ How does its 
specific gravity compare with that of water? Of what two principal ingie- 
dients doos the air consist? What is the propoition of these parts to each 



lud other similar fluids weight! With what powor 
icipat properties has the airT 
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141. A column of air, having a base an inch square, 
and reaching to the top of the atmosphere, weigiis 
about fifteen pounds. This pressure, lilie the pressure 
of liquids, is exerted equally in all directions,* 

142. The elasticity of air and other aeriform fluids is 
thit property by which they are increased or diminish- 
ed in extension, accoidmg as the> dre compressed f 

This prupeity exists m a much greater degree m air and 
other similar fluids thda in anj other si!h8taii:,e In fact it 
has no known hnnt for when UiP pressure is removed from 
any portion of air, it immediately expands to such a dtgree 
that the smallest quantity will difluse itself o\ei jn indefinitely 
lat^e "pace And, on the tontiarj when the pres^siiie is in 
creased it will hi* compiessed into indefinitelj small dimen 
Gtoi!s| 
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be illustrated by ejipermiBnts. 
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t The pressure of the atmosphere caused by its weight is eiertcd ou all 
substances, Intsriially and eitemally, and it is a necessary consequence of 
its fluidity. The body of a mau of cummon stature has a surface of about 
2000 square inches; whence the pressure at 15 pounds per square inch 
will be SO.UOO pounds. The reason why this itmiieuse weight is not felt, 
k, that the aii within the body and its pores couaterbalances the weight 
of the external air. When the external pressure is artificially removed 
from any part, It is Immediately felt by (he reaction of the Interual air. 

t Heat insinuates itself between the particlea of bodies, and forces them 
asunder, in oppoaltion to the attraction of cohesion an4 of gravity ; it there- 
fore eierte its power against both the attraction of gravitation and the at- 
tracton of cohesion. But as the attraction of cobesiou does not exist in 
ttoriform fluids, the expansive power of heat upon them has nothing to 
contend with but gravity. Any increase of temperature, therefore, ex- 
pands an elastic fluid prodigiously, and a diminutiou of heat condenses it. 

141. What is the weight of a column of air one inch square at the base, 
and reaching to the top of the atmosphere? lathe pressure exerted equally 
in all directions? 

14a. What is meant by the elasUcity of the air? How do the aorifomi 
fluids difler from liquids? When ie the air said to be rarefied? Whtn 
condensed 1 Is tbe air, near the surface of tUe eaitii, rare or dense ? 
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143. Air becomes a mechanical agent by means of its 
weigiit, its elasticity, its inertia, and its fluidity.* 

141. A vacuum is a space from which air and every 
other substance has been removed. 

The Torricellian vacuum was discovered by Torricelli, and 
was obtained in the following manner, A tube, closed at 
one end, and about 32 inches long, was filled with mercury ; 
the open end was then covered with tKe finger so as to pre- 
vent the escape of the mercury, and the tube inverted and 
plunged into a vessel of mercury ; the finger was then removed 
and the mercury permitted to run out of tte tube. It waa 
found, however, that the mercury still remained in the tube to 
the height of about thirty inches, leaving a vacuum at the top 
of aboid two inches. This vacuum, called from the discoverer 
the Torricellian vacuum, is the most perfect that has been dis- 
covered. | 

Th faidity of air inveets it, as it invests all other liquids, with the 
potc f tranamitting pressure. But it has already been shoiCD, under 
h h d f Hydrostatics, that fluidity is a uecesearyconsequeaCB of the in- 
d p d t gravilatioQ of the particles of a fluid. It may, therefore, be 

I d d HUiong the efiecta of weight. 

I I rtia of air is eihibited iu the resiatauce which it opposes to mo- 
t wl h has already beeu noticed under the head of Mechanine. This 
is clearly Been in its effect upon falling hodiee, as will bo oiemplified in the 
experiments with the air-pump, 

t Aa this ia one of tha most important discoveries of the Hcience of 
Pneumatcg, it is thought to be deserving of a labored explanation. The 
whole [rfiBuomenon is the result of the equilibrium of fluids. The atmo- 
spliere pressing by its weight (IS pounds on every square inch) on the sur- 
face of tiio mercury in the vessel, oouiiterpaJBed the column of mercury in 
the tube when it was about 30 iuches high, showing thereby that a column 
of the atmi^phere Is equal iu weight to a columu of mercury of the same 
base, having a height of 30 inches. Any increase or diminution iu the 
density of the aii produces a correspouding alteration ia its weight, and coq- 
sequently, in its ability to sustain a longer or a shorter ccJumn of mercury. 
Had water been used instead of mercury, it would have required a height 
of about 33 feet to conuteipoise the weight of the atmospheric column. 
Other fluids may be used, but the perpendicular height of the column of 
any fluid, to counterpoise the weight of the atmosphere, must be as much 

143. How does the air become a mechanical ageat 1 



p^h, Google 



I 

i 



PNEUMATICS. 101 

1 15. The barometer is an mstrumenl lo measure the 
weight of the atmosphere, and thereby to indicate the 
variations of the weather.* 

I. Fig, 69 represents a barometer. It consists of a long 
glass tube, about thirty-three inches in length, 
closed at the upper end and filled with mercury. 
The tube ia then inverted in a cup, or leather bag, 
of mercury, on which the pressure of the atmo- 
sphere is eserted. As the tube is closed at the g^a, 
top, it is evident that the mercury cannot de- "' 
soend in the tube without producing a vacuum. 
The pressure of the atmosphere (which is capable 
of supporting a column of mercury of about 30 
inches in height) prevents the descent of the 
mercury ; and the instrument, thus constructed, 
becomes an implement for ascertaining the w ' ' ' 
of the atmosphere. Aa the aj 
or pressure, it must, of ci 
cury in the tul>e, which will rise or fall in exact proportion with 
the pressure. When the air is thin and light, the pressure ia 
less, and the mercury will descend ; and when the air is dense 
and heavy, the mercury will rise. At the side of the tube 
there is a scale, marked inches and tenths of an inch, to note 
the rise and fall of the mercury. f 

greater than thai of mercury aa the specific gravLly of mercury esccoda 
that of the fluid employed. 

• The elasticity of the air causes an increase or diminution of its built, 
according as it is a9'ecled by heat aud cold ; sod th ^ d d 

tion of bulk materially affect its epecilic gravity Tl h ght 1 lumu 
of mercury that can be sustained by a colum f th tm nph re must 
therefore, be affected by the state of the atm ph Tl m t 

used to indicate these changes is called a ba n t f m tw G k 
words signifying a measure ef the weight, that f tl t spb A 

Thermom^tfri ia a measure of the heat, atid a, Hy/^ it t a n db f 
the moiBtun of the alinoaphere. 

t Any other fluid may bo used as well aa mercury, provided the length 

145. What is a barometer? What does the word barometer meauT 
Whatiaathermometcr! What does the word thermometer mean' What 
is a hygrometer) What docs the word hygrometer mean ! What figure 
represents a bjromeler 7 Explain ita construction. What height of mer- 
cury ia the pressure of the atmosphere capable of sustaining ) What effect 
has the pressure of the atmosphere on the mercury in the tubs'' 
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2. The pressure of tlie atmosphere on the mercury, in the bag 
or cup of a burometer, being exerted on the principle of the 
equilibrium of fluids, must vary according to the situation in 
wiiich the barometer is placed. For this reason it will be the 
greatest in valleys and low situations, and least on the top of 
high mountains. Hence the barometer is often used to ascer- 
tain the Jieight of mountains aod other places above the level 
of the sea,* 

of the tube be extended in proportion to the specific gravity of the fluid 
Tims, a tube filled witb water must be 33 feet long, becauae the atmu- 
B)>heTe wiii support a calumn of water of that hei|;ht. ' Mercury is used, 
therefore, in the construction of Ibe barometer, because it does not require 
Eo long a tube ^ any other flnid. It may here ho remarked, that the ail 
ia the heaviest in dry weatiier, and that, consequently, the mercury will tlieii 
rise higheet. In wet weather the dampness renders the air less Balubrious, 
and it appears, therefore, more heavy then, although it is, in fact, much 
lighter. The greatest depression of tlie barometer oocura daily at about 
4 o'clock, both in the mommg and in the afteraoon, and its highest eleva- 

polnls are reached an hour or two earlier in the morning, and as much 
later in the aftenioon. 

* As the air dimiuishes in density, upwards, it follows, that it must bo 
more rare upon a hill than on a pl^n. In very elevated Bituations it is 
eo rare that it is scarcely fit for respiration, or breathing ; and the expan< 
BJon which tahes place in the more dense air contained within the body Is 
often painful ; it occaxious disteutiou, aud sometiities causes the bursting 
of the stnaller blood-vessels, iu the nose and ears. Besides, in such situa- 
tions, we are more exposed both to heat and cold ; for, though the at- 
mosphere is itself transparent, ils lower regions abound with vapors and 
eihdaUous from the earth, which float in it, and act in some degree as a 
covering, wliich preserves us equally from the intensity of the sun's rays, 
and from the severity of the cold. 



In what proportion does Iho mercury rise and fall ! In what way can 
barometers be made of other fluids? Why is mercury used in preference 
to auy other fluid! Is the uir heaviest in wet or dry weather? On what 
principle js the pressure of the atmosphere on the mercury, in the cup of 
a barometer, e/erted? What follows from this? For what other purpose, 
besides measuring the pressure of the atmosphere, and foretelling the vaiia- 
lioiis of the weather, is llje banmieter used 1 Is the air tlie more dense at 
the surface of the earth or upon a hilH What is a thermometer? What 
figure represents a thermoraetert Explain its canstruclioa. 
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3. The tlicrmnmeler is an instrument used to 
indicate tlie temperature of tbe atmosphe i In 
appearance it resembles a barometer, but it i& 
constructed on a different principle, and for a 
different purpose. It consists of a capillary 
tube, closed at the top, and terminated with 
a bulb, which is filled with mercury.* As heat 
eipands and cold contracts most subatinces it 
follows, that in warm weather the mercury must 
be expanded and will rise in the tube, and that 
in cold weather it will contract and sink Hence 
the instrument becomes a correct measure for the 
heat and cold of the air. A scalef is plaoed at 
the side of the tube, to mark the degree ot heat 
or cold, as it is indicated by the rise and fall of 
the mercury in the capillary tube. 

4. The hygrometer, for measuring the degree 
of moisture in the air,I may be constructed of 

any thing which contracts and expands by the moisture or 
dryness of the atmosphere, such as most kinds of wood cat 
gut, twisted eotd the beard of wild oa!^ ic 

■ Auy other liquid "vhich is expanded by heal and contracted bj cold 
Bueh as epiriw of wine, in;., will answer instead of mTCurj 

f There are several difFerent scales applied to (he thermompter of 
which those of Fahreaheit, Reaumur, Deliale, and Celsius are the priiici 
pal. The thermometer in common use in thia eountry w graduated by 
Fahrenlieit's scale, whicli, oommeneing with or zero e\teiids upwards 
lo 219 degrees, the boiling point of water, and downwards to 90 or 30 de- 
grees. The scales of Reaumur and CeleiuB fix zero at the freezing point 
of water ; and that of Deliale at the boiling point. 

t By the actiou of the sun's heat upon the surface of the earth, whether 
taud or water, immense qtiantiliea of vapor are raised into the atmosphere, 
supplying materials for all the water which is deposited again in the va- 
rious forms of dew, fog, rain, snow, and hail. Experiments have been 
made to ehow the quantity of moisture thus raised from the ground by the 
heat of the sun. Dr. Watson found that an acre of ground, apparently 
dry, and burnt up by the sun, dispBrsed into the air sixteen hundred gal- 

What effect have heat and cold on most substances? What follows 
fromtbisl Whose BCaJe is generally used in this country ? Foi what is 
the hygrometer used ? Of what kind of suhstancos may it be construcLod t 
What experiment is given in the note to show the quantity of moisture 
raised from ihe ground by the heat of the siml 
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146. The imjie net lability of air prevents the ascent 
of water into any inverted vessel, unless the air is first 
permitted to escape. 

1. If a tube, closed at one end, or an inverted tiunbler, be 
inserted at its open end, in a vessel of water, the water will 
not rise in the tuhe or tiimbler, to a level with the water in 
the vessel, on account of the impenetrability of the air within 
the tube. But if the tube be open at both ends, the water will 
rise, because the air can escape through the upper end. It is 
on this principle tliat the diving-bell (or the diver's bell, as it 
b sometimes called) is constructed. 

2, Fig. 71 represents a diving-bell. It consists of a large 
heavy vessel, formed Uke a bell, (but may be made of any other 
shape,) with the mouth open. It descends into the water with 

Ions of water in the space of twelve hours. Hie experinieut was thus 
made : he put a glass, mouth dowawuds, ou a grass-plot, on which it bad 
not r^ned for above a, month. Iti less than two minutes the Inside waa 
covered with vapor j and in half an hour drops began to trickle down lis 
iuside. The moulh of (he gJaaa was 20 square iuchea. There are 1^6 
square inches iu a square yard, and 4840 square yards in an acre. When 
the glass had etood a quarter of an hour, he wiped it with a pieoo oi 
muslin, the weight of which had been previously sBcertained. When 
the glass had been wiped dry, he again weighed the muslia, and found 
tliat its weight had been inoreosed six grains by the water collected from 
SO square inches of earth ; a quantity equal to IGOO gallons, from an acre, 
in 13 hours. Another experiment, after rain had fallen, gave a much 
larger quantity. (Slle No. 9.) 

When the atmosphere ia colder than the earth, the vapor, which arises 
from the ground, or a body of water, is ooiideused and becomes visible 
This is the way that fog is produced. When the earth is colder than tljo 
atmosphere, the moisture in (he atmosphere condenses in the form of dew, 
on the ground, or other surfaces. 

Clouds aro nothing more thau vapor, condensed by the cold of the upper 
regions of the Btmosphere. 

Rain is produced hy the suddeu cooluig of large quantities of watery 

Snow and h^i are produced in a similar manner, and differ from rain 



146. Is air impenetrable, like other substances? How is this shown? 
L'pon what principle is the diviug-ball constructed? What figure repre- 
lents the diving-bell 1 Why does not the water nsB in the boll 1 Eipiain 
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its mouth downwards. The air within Fig. 7i. 

it having uo outlet is compelfed, by the 
order of specific gravities, to ascend in 
the hell, and thus {as water and air 
cannot occupy the same space at the 
same time) prevents the water from 
rising in the belL A person, therefore, 
may descend with safety in the bell to 
a great depth in the sea, and thus re- 
cover valuable articles that have been 
lost. A constant supply of fresh air is 
sent down, either by means of barrels, 
or by a forcing-pump. In the Fig., B 
represents the bell with the diver in it. 
C is a bent metallic tube attached to 
one side and reaching the air within ; 
and P is the forcing-pump through 
which air is forced into the bell. The 
forcing-pump is attached to the tube 
by a joint at D. When the bell de- 
scends to a great depth, the pressure 
of the water condenses the air within the b 
water to ascend in the bell. This is forced out by constant 
accessions of fresh tur, supplied as above mt,nlioned Great 
care must be taken that a constant supply of treih in is sent 
down, otherwise the lives of those withm the bell will be en 
dangered. The heated and impure air is allo^ ed to escape 
through a stop-cock in the upper part ot tht,T)ell 

147. Water is raised in the common pump bj means 
of the pressure of the atmosphere on the '(urftce of the 
water. A vacuum being produced by raising the piston 
or pump-box,* the water below is forced up by the at- 
mospheric pressure, on the principle of the equilibrium 

. ■ In order to produce auch a vacuum, if is necessary that the piston or 
boi should bo accurately fitted to the bore of tho pump; for if the air 
above the instou has any ineaii9 of rushing in to fiil the TBCuam, as it is 
jirodaced by the raising of the piaiou, the water will not ascend. The pis- 
ton is generally worked by a Icvsr, which is the handle of the pump, not 
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of fluids. On this principle the water can he raised 
only to the height of about thirty-three feet, because 
the pressure of the atmosphere will sustain a column of 
water of that height only. 

Pig. 72 represents the commoa pump, called ^^- ^* 
the sucking-pump. The body consists of a large 
tube, or pipe, the lower end of which is to be 
immersed in the water which it is designed to 
raise. P is the piston, V a valve" in the piston, 
which, opening upwards, admits the water to 
rise through iC but prevents its return. Y is a 
similar valve in the body of the pump, below the 
piston. When the pump is not iii action the 
valves are closed by their own weight ; but when 
the piston is raised it draws up the column of 
water which rested upon it, producing a vacuum 
between the piston and the lower valve Y. The 
water below, immediately rushes through the 
lower valve, and fills the vacuum. When the 
piston descends a second time, the water in the 
body of the'pump passes through the valve V, 
and on the ascent of the piston is hfted up by 
the piston, and a vacuum is again formed below, 
which is immediately filled by the water rushing 
through the lower valve Y. In this manner tlie body of the 
pump is filled with water, until it reaches the spout 8, where 
it runs out in an interrupted stream.f 

• A vsJvB is a IJd or cover, so oonlrlved m to open a communication ia 
ouB way aud closs il in the olhSr. Valves are made in diflerent ways, ao- 
eoriling to the use for which Ihny ate intended. In the common pump, 
Uiey are geflerally made of thick leather partly covered with wood. In 
the air-pump they aro made of oiled silk, or thin leather softened with 
oil. The clapper of a pair of bellows ia a fam 
The valTBB of a pump are commonly called box 
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raised by the atmospheric pressure only to tho 
surface, the common pnmp is so oonslrueled, 
I atmosphere has forced the water through the 



mechanical powers is the handle of the pump? How high a 
raised by tha common pump? Why ? Why is the uommon j 
limes called tlie lifting-pump? 
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148. The forcing-pump differs from the common 
pump in having a forcing power added to raise the 
water to any desired height. 

1. Fig. 73 represents the forcing- 
pump. The body and lower valve 
V are similar to tliose in the com- 
mon pump. The piston P has no 
valve, but is solid ; when, therefore, 
the vacuum is produced above the 
lower valve, the water on the de- 
scent of the piston is forced through 
the tube into the reservoir or air- 
vessel E, where it compresses the 
air above it. The air, by its elas- 
ticity, forces the water out through 
the jet J in a coodnued stream and 
with great force. It is on this prin- 
ciple that fire-engines are constructed. 

2. Sometimes a pipe with a valve in it is substituted for the 
air-vessel ; the water is then thrown out in a continued stream, 
but not with so much force. 

149. Wind is air put in motion.* 

When any portion of the atmosphere is heated, it becomes 
rai-efied, its specific gravity is diminished, and it consequently 
rises. The adjacent portions immediately rush into its place 
to restore the equilibrium. This motion produces a current 
which rushes into the rarefied spot from all directions. This is 
what we call wind. The portions north of the rarefied spot, 

valve ill the body of tlio pump, and (he descent of the piston hos forced it 
tlirough the vafve in the piston, it ia lifted up, wlien the piston \e raiawl. 
For this reason, this pninp is sometimes called the lifting pamp. The 
distance of the lower valve from the Butfaoe of the water must oevar oi- 
ceed 33 feet ; aud in practice it must be much less. 

• There are twp ways in which the motiou of the air may arise. It 
niuy be considered as an absolute motion of ths air, rarefied by heat and 
condensed by cold ; or it may be only an apparent motiou, caused by the 
superior velocity of the earth in its daily revolution. 



14B. How doPB the 



fig"™ represent 



idilfer from the e< 



„g ..,, ,^.<ta the forcing-pump? Enpiiii 

143. What is wind? In what two ways 
explained! Eiplain (he maiuii^ In which t 



m pump? What 
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produce a nortli wind ; those to the south produce a, south 
wind ; while those to the east and west, m hke manner, form 
currents moving in opposite directions. At the rarefied spot, 
agitated as it is by winds from all directions, turbulent and 
boisterous weather, whirlwinds, hurricanes, rain, thunder and 
lightning prevail. This kind of weather occurs most frequent- 
ly in the torrid zone, where the heat is greatest. The air be- 
ing more rarefied there than in any other part of the globe, is 
lighter, and, consequently, ascends ; that about the polar 
regions is continually flowing from the poles to the equator, to 
restore the equilibrium ; while the idr rising from the equator 
flows in an upper current towards the poles, so that the polar 
regions may not be exhausted.* A regular east wind prevails 

* From what has now beeu said, it appears that there is a circulation 
of air in the atmosphere ; the air in the iower Bttata flowing from thd 
poles to the equator, aiid iu the upper strata, flomug back from the equator 
to the polea. It may here be remarked, that the periodical winds are 
more regular at sea than on the land ; and the reason of this is, that the 
laud reflects into (he atmosphere a much greater quantity 0/ the suu's rays 
than the water ; therefore, that part of the atmosphere which is over the 
land is more heated and rareflcd than that which is over the sea. This 
occasions the wind to set in upon the land, as we find it regularly does on 
the coast of Guinea and other countries in the torrid zone. There are eer- 
laiu winds called trade-winds, the theory of which may be easily explained 
on the pnuciple of rarefacdon, afibcted as it ie by the relative position of 
the diiToreut parts oF the earth with the sun, at difierciit seasons of the 
year and at various parts of the day. A knowledge of the laws by which 
these winds are controlled, is of importance to the mariner. When the 
place of the sun, with respect to the different positions of the earth at 
the different seasons of the year is uuderslood, it wlil be seen Chat they all 
depend upon the same principle. The reason that the wind generally sub- 

the particular spot which produces the wind, diminishes as the sun de- 
clines, and coDsequontiy, the force of the wind abates. The groat variety 
of winds iu the temperate zone is thus explained. The air is an exceed- 
ingly elasUo fluid, yielding to the slightest pressure ; the agtfatious in it, 
therefore, caused by the regular winds, whose causes have been explained, 
must extend every way to a great distance ; and the air, therefore, in all 



'B the uorth, south, east, and w 



>n IV Google 



TNEUMATICS. 109 

about the equator, caused by t!ie rarefaction of the air pro- 
duced by the sun in his daily course from east to west. This 
wind, combining with that from the poles, causes a constant 
northeast wind, for about thirty degrees north of the equator, 
and a southeast wind at the same distance south of the 
equator. 



OF THE AIR-PUMP. 

150. The air-pump is an instrument for exhausting 
the air from a vessel prepared for the purpose. This 
vessel is called a receiver, and is made of glass in order 
that the effects of the removal of the air may be seen. 

Air-pumps are made in a great variety of forms ; 
but all are constructed on the principle, that when any 
portion of confined air is removed, the residue immedi- 
ately expanding, by its elasticitj' fills the space occupied 
by the portion that has been withdrawn, 

1. From this statement it will appear that a perfe t a uum 
can never be obtained by the air-pump as at presen n a 
ed. But so niuch of the niv withm a receiver may b d 

that the residue will be reduced to such a degr e y 

as to subserve most of the practical purposes o a uum 
Fig. 74 represents a single barrel air-pump, u d b h 
condensing and exhausting. A D is the stand p ra 
of the instrument, which is screwed down to h b by 

qaality of wiiidn ie affected by Ihe countries over which as. d 

they are sometimes rendered poatileutial by the heat of des rts 
trid exhalatlouB of maishee and lakes. Thus, from the deserts of Africa, 
Arabia, and the ueighboriug countries, a liot wind blows, called Saiaiel, 
01 Simoom, which somotimeH prodaoBS iiistimt death. A similar wiud 
blows from the desert of Sahara, upon (he western coast of Africa, called 
Ihe Haniiatlaii, producing a dryness aud heat wliich is almost iusupporl- 
jible, scorching like the blaets of a furnace 



160. What is an air-pump? What ia '.he vessel called fron 
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means of a clamp, under- 
niiath, which is not repre- 
sented in the figure. K ia 
the glass vessel or bulbed 
receiver from which the 
air is to be exhausted. P 
is a solid piston, accurate- 
ly fitted to the bore of 
the cylinder, and H the 
handle by which it is 
moved. The dotted line 
T, represents the commu- 
nication between the re- 
ceiver R and the ban'el 
B ; it is a tube through 
which the air, entering 

at the opening I, on the piate of the pump, passes into the 
barrel, through the eihausting valve ev. cv is the conden- 
sing valve, communicating with the barrel B by means of an 
aperture near b, and opening outwards through the condensing 
pipe p. 

2. The operation of the pump has folloies: The piston P being 
drawn upwards by the handle H, the air in the receiver R, ex- 
panding by ite elasticity, passes by the aperture I through the 
tube T, and through the exhausting valve n v into the barrel. 
On the descent of the piston, the air cannot return through 
that valvo, because the valve opens upwards only ; it must, 
therefore, pass through the aperture, by the side of the valve, 
and through the condensing valve c v into the pipe p, whore 
it passes out into the open air. It cannot return through the 
condensing valve c v, because that valve opens outwards only. 
By continuing this operation, every ascent and descent of the 
piston P must render the air within the receiver R more and 
more rare, until its elastic power is exhausted. The receiver 
is then said to be exhausted ; and altbough it still contmns a 
small quantity of Mr, yet it is in so rare a state that the space 
within the receiver is considered a vacuum.* 

3. From the explanation which has been g^ven of the opera- 
tion of this air-pump, it will readily be seen that, by removing 
the receiver R, and screwing any vessel to the pipe p, tlie air 

* The only known method of procuring a perfect vacuum, is thai pur- 
Bued by Tonioslli, which haa alruady been explained. 
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may be condensed in the vessel. Thus the pump is made to 
exhaust or to condense, without alteration.* 

4. The double air-pump differs from the sing^Ie air-pump, in 
having two barrels and two pistons ; which, instead of being 
moved by the hand, are worked by means of a toothed wheel, 
playing in notches of the piston rods. 

5. Iig 5 represents Wurhtman s patent lev r ar pump, 
belon_ ng to the Bo to S' iool St Ih s ns rument s of 




an improved constniclion, and differs from others in the facili- 
ty with ■which it is worked. In this pump the piston is sta- 

*^ Air-pumps in genofH] are not adapted foT condenHatLon ; that office 
being performed by an inetrnmenl called " a condensing syringe," which 
!« an air-pump Teeersed, its valves being so arranged ae to force air into 
a chamber, instead of draviing it out. Foe this piirpotw, the valves open 
inwards in reapect to the cliamber, while in air-pumps they open outwarda. 

A gauge, eonatructed on the ptlneiple of the barometer, ie eometJmes 
adjusted to the air-pump for the purpose of exhibiting the degree of ei- 
hau9tiou 
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tionary, while motion is given to the barrel by means of the 
lever H. The barrel ia kept in a proper position by menus of 
polished steel guides.* 

151. By ffieans of the air-pump, many interesting 
experiments may be performed, illustrating the gravity, 
elasticity, fluidity, and inertia of air. 



EXPERIMENTS 



E GEAVITV OF AIR. 



1. Having adjusted the receiver to the plate of the air- 
pump, exhaust the air and the receiver will be held fiiToly on 
the plate. The force which confines it, ia nothing more than 
the weight of the eiternal air, which, having no internal pres- 
sure to contend with, presses with a force of nearly IS pou; 
on every square inch of the external surface of the receiver. 

N. B. The exact amount of pressure depends on the degree 
of exhaustion, being at its maximum of 15 pounds when there 
is a perfect vacuum. On readmitting the air the receiver may 
be readily removed. 

2. The Magdebukgh Cups or HEMrsPHEBES. Fig. '?6 repre- 
sents the Magdeburgh cups or hemispheres. They consist of two 
hollow brass cups, the edges of which are 

accurately fitted together. They each have Fig. 7g, 

a handle, to one of which a stop-cock is 
fitted. The stop-cock, being attached to 
one of the cups, is to be screwed to the 
plate of the air-pump, and left open. 
Having joined the other cup to that on 
the pump, exhaust the air from within 
them, turn the stop-cock to prevent its re- 
admission, and screw the handle that had 
been removed to the stop-cock. Two per- 
sons may then attempt to draw the cups 
asunder. It will he found that great 
power is required to separate them ; but, 
on readmitting the air between them, by 
turning the cock, they wiLl fall asunder by 




* Mi. WightmaJi haa published a email volume, 
nion to tliB Air-pump," which will be fouud a very 
I management of the pamp, aud the skilful petforil. 



nUfled, " A Con 
mvonieut guide fo 
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their own weight. When the air is exhausted from withia 
them, the pressure of the surrounding air upon the outside 
keeps them united. This pressure bwng equal to a pressure 
of fifteen pounds on every square inch of the surface, it follows. 



hemispheres the more difficult it 



that the larger the 

will be to separate them.' 

3. Toe IIahd-glass. Fig. 11 is nothing 
more than a tumbler, open at both ends, 
with the top and bottom ground smooth, so 
as to fit the brass plate of tie air-pump. 
Plaeing it upon the plate, cover it closely 
with the palm of the hand, and work the 
[jump. The air within the glass being thus 
e.ihausted, the hand will be pressed down 
by the weight of the air above it : on read- 
mitting the air, the hand may be easily re- 

4. The Bladder- glass. Fig. 78 is a bell- 
shaped glass, covered with a piece of bladder, 
which is tied tightly around its neck. Thus 
prepared, it may be screwed to the plale of 
the air-pump, or connected with it by means 
of an elastic tube. On exhausting the air 
from the glass, the external pressure of the 
air on the bladder will burst it inwards with 
a loud explosion. 

5. The In oi a- rubber Glass. Fig. 79 is 
a glass similar to the one represented in the 
last figure, covered with india-rubber. The 
same experiments may be made with this as 
were mentioned in the last article, but with 
different results. Instead of bursting, the 

india-rubber will be pressed inwards the w-hole depth of the 
glass. 

* Otto Guericke, the inventor of the air-pump, prepared two hem- 
iephejeB, two feet in diameter, and having accurately fitted them together, 
and eihauEted the air, 30 horses haruBssed to them were unable to sep. 




. Of the bladder-glass. Of 
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6. The Founiain-Glabs and Jm. Fig. 80 represents tlie 
jet, which is a small brass tube. Fig. 81 is the fountain- 
glass. The esperiinent with these in- 
struments is designed to show the *■«■ ^i- 
pressure of the atmosphere on the 
surface of liquids. Screw the straight 
jet to the stop-cock, the stop-cock to 
the fountain -glass, with the straight jet 
inside of the fountain-glass, and the 

flower end of the stop-cock to the plate 
of the air-pump, and then open the 
stop-cock. Having esha,usted the air 
from the fountain-glass, close the stop- 
cock, remove the glass from the pump, and, im- 
mersing it in a vessel of water, open the stop- 
cock. The pressure of the air on the surface of the water will 
cause it to rush up into the glass like a fountain. 

1. Pneumatic Scales fob WEiOHtso Aie. Fig. 82 repre- 
sents tke flask or glass vessel and scales for weighing mr. 
Weigh the flask when full of air : then 
exhaust the air and weigh the flask 
dgain The difference between lis pres- 
ent and formei weight is the weight 
of the air that was contained m the 




8 The Sucker A circular piece 
of wet leather, with a string attached 
to the centre, being pressed upon a 
smooth surface, will adhere with con- 
siderable tenacity, when drawn upwards by the stnng The 
stnng in this cise muat be attithed to the leather so that no 
air can paos under the leather. 

9. The Mbrcdbial or Water Tobb. Exhaust the air from 
a glass tube three feet long, fitted with a stop-cook at one 
end, and then immerSe it in a vessel containing mercury or 
water. On turning the stop-cock, the mercury wUI rise to the 
height of nearly 30 inches; or, if immersed in water, the 
water will rise and fill the tube, and would fill it were it 30 
feet long. ITiis experiment shows the manner in which water 
is raised to the boxes or valves in common water-pumps. 
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EXPERIMENTS SHOWING THE ELASTICITY OP AIR. 

1. Place an india-rubber bag, or a bladder, partly inflated, 
and tightlyclosed, under the receiver, and on exhausting the air, 
the dr within the bag or bladder expanding, will fill the bag. 
On readmitting the air, the bag will collapse. The experiment 
may also be made with some Mnds of shrivelled fruit, if the 
skin be sound. The internal air expiuiding will give the fruit 
a fresh and plump appeaiance, which will disappear on the re- 
admisaion of the iiir. 

2. The same principle may be illustrated by the india- 
rubber and bladder glasses, if they have stop-cocks to confine 
the air. 

3. A small bladder partly filled with air may be sunk in a 
vessel of water by means of a weight, and placed under the 
receiver. On exhausting the air from the receiver, the air in 
the bladder wili espand, and its specific gravity being thus 
diminished, the bladder with the weight will rise. On re- 
admitting the fur the bladder wOl sink again. 

4. AiK coHTAisED IN Watbr AND IN WoOD. Place a vessel 
of water under the receiver, and on exhausting the air from the 
receiver, the air in the water previously invisible will make its 
appearance in the form of bubbles, presenting the semblance 
of ebullition. 

5. A piece of light porous wood being immersed in the 
water below the surface, the air will be seen issuing in bub- 
bles from the pores of the wood. 

e. The Pnecmatic Balloon. Fig. 83 rejjre- ^ig. 83 
sents a small glass balloon with its car im- 
mersed in a jar of water, and placed under a 
receiver. On exhausting the lur, the air within 
the balloon expanding, ^ves it buoyancy, and it 
will rise in the jar. On readmitting the air the 
balloon will sink. 

'l. The experiment may be performed with- 
out the air-pump by covering the jarwith some 
elastic substance, as indiarrubber. By pres- 
sing on the elastic covering with the finger 
the air will be condensed, the water wiU rise ^f 

in the balloon, and it will sink. On removing i^n 

the pressure, the air in the balloon cxpand- 

Ejijilaiii Ihe first experiment.— 3d, 3d. 4th. Sth. Gth. 7th. 
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ing, will expel part of tlie water and the balloon will rise. This 
is the more convenient mode of performing the esperiment, as 
it can be repeated at pleasure without resort to the pump.* 

8. The following is a full explanation i — The pressure on 
the top of the vessel first condenses the air between the cover 
and the surface of the water ; — this condensation presses upon 
the water below, and as this pressure affects every portion 
of the water throughout its whole extent, the water, by its 
upward pressure, compresses the air within the balloon, and 
makes room, for the ascent of more water into the balloon so 
as to alter the specific gravity of the balloon, and cause it to 
sink. As soon as the pressure ceases, the elasticity of the air 
in the balloon drives out the lately entered water, and restoring 
the former lightness to the balloon causes it to rise. If, in the 
commencement of this experiment, the balloon be made to 
have a specific gravity too near that of water, it will not rise 
of itJ9eIf, after once reaching the bottom, because the pressure 
of the water then above it will perpetuate the condensation of 
the air which caused it to descend. It may even then, how- 
ever, be made to rise, if the perpendicular height of the water 
above it be diminished by inclining the vessel to one ^e. 
B. Tills esperiment proves many things ; namely : 
Mrst. The materiality of air, by the pressure of the hand 

* This oxpcrlment exhibits the principle on which the welt-known glass 

plained: several images of glass, hollow within, Bud each having a small 
opening at the heel by which water may pass in and out, may be made to 
manceuvre in a vessel ot water. Place them in aveasel in the eaniemauiier 
with ebe balloon, bnt by allowing diJierent quantities of water to outer tlio 
apertures iu the imagee, cause them to differ a little from ono auothsr \a 
specific gravity. Then, when a pressure is exerted on the cover, the 
heaviest will descend Hret, and the otiieis follow in the' order of their spe- 
clBo gravity; and Oiey will slop or return to the surfaco iu reveree order, 
when the pressure ceases. A person exhibiting these tigures to spectators 
who do uot nndersland them, while appearing carelessly to rest his baud 

the cover ho placed over a hole in the table, through whicli, unobserved. 
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on the top being communicated to the water below througli 
tlie air in tiie upper part of the vessel. 

Secondly. The eompresdhility of air, by what happens in the 
globe before it descends. 

TIdrdly. The elasticity, or elastic force of air, when the 
water is expelled from the globe, on removing the pressure. 

Fourthly. The lightrmss of air, in the buoyancy of the globe. 

Fifthly. It shows that the p-essure of a liquid is exerted in 
all directions, because the effects happen in whatever position 
the jar he held. 

Sixthly. It shows that pressure is as the depth, because less 
pressure of the hand is required, the farther the globe has de- 
scended in the water. 

Seventhly. It exemplifies many circumstances of fluid sup- 
port. A person, therefore, who is familiar with this eiperi- 
ment, and can explain it, has learned the principal truths of 
Hydrostatics and Pneumatics. 



1. The Condensinh and Eshausting SvaiNGS. The con- 
densing synnge is the air pump reversed. The exhausting 
s^rin^e is the simple air pump without its plate or stand. 
These implements are used rPspLLtively with such parts of the 
ipj.aiitus as cinnot (,on\emently be attached to the air- 
j: ump and js dn iddition to 
Bui.h pumps as do not perform *''s- 81. 

Ihi, djuble offline tf Lxhaustion 
and toadensation. In some set'! 
of apparatus the condensnie and 
exhausting; syringes are united and 
are made to perform eich office 
jespei-tneli by merely re\ersm^ 
the part which contains the valve 

. The Am Chamber The 
air-chdmber, Fig. 83, is a hollow 
brass globe prepared for the re- 
ception of a stop-cock, and is de- 
signed for the reception of con- 
densed air. It is made in different 
forms in different sets, and is used 
by screwing it to a condensing 
pump or a condensing syringe. 
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3. Straight and Revolving Jets prom Condensed Air. 
Fill tiie air-chamber (Fig. 84) partly with water and then con- 
dense the air. Then confine the air by turning the cock ; 
after which unscrew it from the air-pump, and screw on the 
straight or the revolving jet. Then open the stop-cock, and the 
water will be thrown from the chamber in the one case, in 
a straight continued stream, in the other in the form of a 
wheel. Figs. 85 and 86 pio. s-i. bi„ wi 
represent a view of the 
straight and the revolving 
jets. In the revolving jet 
the water is thrown from 
two sraail apertures made 
at each end on opposite sides, to assist the revoiution. J'*^ 
The circular motion is caused by the reaction of the <& 
water on the sides of the arms oppoate the jets ; for 8 
as the water is forced into the tubes, it exerts an eq^ual 

Eressiu^ on all sides of the tubes, and as the pressure is re 
eved on one side by the jet-hole, the arm is caused to revolvi 
in a contrary direction. This experiment performed with the 
straight jet, illustrates the principle oa which " Hero's ball'' 
and Hero's fountain are constructed. 

4. Thb Principle of ihe Air-gctn. With the air-chamber 
as in the last experiments, a small brass cylinder or gun-barrel. 
Fig, 87, may be substituted for the jets, and loaded 

with a small shot or paper ball. On turnmg the *''S s^- 
cock qmckly, the condensed air rushing out will throw ^ 
the shot to a considerable distance. In thi^ way the ^S^ 
air-gun operates, an apparatus resembling the lock of |||J 
a gun being substituted for the stop-cook, by which a IH 
small portioA only of the condensed air is admitted to H|j| 
escape at a time, so that the chamber being once filled HI 
will afford two or three dozen discharges. The toroe SBS 
of the air-gun has never been equal to more than a 
fifteenth of the force of a common charge of powder, and the 
loudness of the report made in its discliarge is always as g^at 
in proportion to its force as that of the common gun. 

5. Coudensed Mr may be weighed in the air-chamber ; but 
in estimating its weight, the temperature of the room must al- 
ways be taken into conaderation, as the density of air is 
materially aftected by heat and cold. 

Explain the jets. Tii« air-guu 
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a SHOWING THE INEKTIA OF AIR. 

The Guinea and Feather Drop. The inertia of air is 
shown by the guinea and feather drop, exhibiting the resistance 
which the air opposes to falling bodies. This apparatus is made 
in different forms, some having shelves ^.^ j^ 
Fig. 88. on which the guinea and feather rest ; 
p— .^ and when the air is exhausted they 
. are made to fall by the turning of 

a handle. A better form is that rep- 
resented in Fig. 88, in ■which the 
guinea and feather {or a piece of 
brass substituted for the guinea) are 
enclosed, and the apparatus being 
screwed to the plate of the pump, 
the air is exhaust«d ; a stop-cook 
turned to prevent the readmission of 
the air, and the apparatus being then 
I'ed, the experiment may be repeatedly 
showed by one exhaustion of the air. It will 
then appear that every fime the apparatus is 
inverted, the guinea and the feather will fall 
simultaneously. The two forms of the guinea 
and feather drop are exhibited in Figs. 88 and 
89, one of which, Fig. 88, is furnished with a stop-cock,* the 
other. Fig. 89, witk shelves. 

EXPERIMENTS SHOWING THE FLUIDITY OF AIR. 

1. The Weioht-lifteh. The upward pressure of the air, 
one of the properties of its fluidity, may be exhibited by an 
apparatus called the weight-lifter, made in different forms, 
but all on the same principle. The one represented in Fig. 90 

"^ Most Bots of philosophical apparatus are tiimirfied with alop-cocks 
and elastic tubes, far ihe purpose of coniiectiug the several parts with the 
pump o[ with one another. In selecting the itpparatiiB, it is important 
to have the screws of the stop-cocks, and of all the apparatna of elmilai 
thread, in order that every article may Bubseive as many purposes as 
possible. TliiB precaution is su^ested by economy as well as by eonve- 
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consists of a gli s tulo tf liio-p 
bore, set in a stiong- case or stand, 
supported by tliree legs A piston is 
accurately fitted to the bore of the 
tube, and a hook is attached to the but 
torn of the piston, from whn,h weights 
are to be suspended. One end of the 
elastic tube is to be screwed to the 
plat* of the pump, and the other end 
attached to the top of this instrument. 
The air being then e\haustod from the 
tube, the weights will be raided the 
whole length of the gla-,s The num 
ber of pounds weight that can be raised 

by this instrument may be estimated by multiplying the num- 
ber of square inches in the bottom of the piston bj fift<ien. 

2. The Pneumatic Shower bath On the pnnciple of the 
upward pressure oi the air, the pneumatic shower-bath is 
constructed. It consists of a tin v&.sel perforated with holes 
in the bottom for the shower, and having an aperture at the 
top, which is opened or closed at pleisure bj means of a spring 
valve. [Instead of the spring vahe, a bent tube may he 
brought round from the top down the side of the vessel, with 
an aperture in the tube below the bottom of the lessel which 
may be covered with the thumb ] On immersing the vessel 
thus constructed in a pail of water, with the valve open, and 
the tube (if it have one) on tht, outside of the pad, the wat«r 
will fill the vessel The aperture then being closed with the 
spring or with the thumb, and the vessel bemg hfted out of 
the water, the upward pressure of the an wiU confine the 
water in the vessel On removing the thumb, or opening the 
valve, the water will dt,si.end m a shower untd the vessel is 



1, TuK Bolt-head and Jas, Fig. 81, a glass globe with 
a long neck, called a bolt-liead, (or any long-necked bottle,) 
partly filled with water, is inverted in a jar of water, {colored 
with a few drops of red ink or any coloring matter, in order that 

Explain the paounistic shoivor-buUi. 
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tile effects may be more distinctly visible,) and „^ ,. 
placed under the receivei'. On exhausting the ab" 
in tbe receiver, the mr in the upper part of ilie bolt- 
bead expanding, expels the water, showing the 
ebtsticiiy of the air. On readmitting the air to 
the receiver, as it cannot return into the bolt 
li(';id, the pressure on the surf ice of the witer m 
ihe jar, forces the water into tbe bolt head 
showing the pressure of the att caused by its 
weight. The experiment may be repeated with 
llie bolt-he:id without any witer and on the ro 
admission of the air, the water will neJ.rly fill 
the bolt-head, affording an ac(,urite test of tbi. 
degree of exhaustion. 

2. Tee Transfer of Flliu'! from om; Vb«bl ti 
The experiment may be mide with two bottles tightly cb >■ 1 
Let one be partly filled w ith water, and tbe two connected bj i 
bent tube, connecting the intenoi of the empty bottle with the 
waier of tbe other, and extending Deailj to the b ittom of the 
water. On exliausting the air from the empty bottle tbe 
water will pass to the other and on readmitting the ajr the 
water will return to its onginal position bo long as the lower 
end of the bent tube is above the surface 



EXPERIMENTS WITH THE SIPHON. 

1. Close the shorter end of the siphon with the finger or 
with a stop-cock, and pour mercury or water into the longer 
side. The air contained in tbe shorter side will prevent the 
li([uid from rising in the shorter side. But if the shorter end 
be opened, so as to afford free [ 
the fluid will rise to an equilibiii 
phon. 

2., Pour any liquid into the longer arm of tbe siphon until 
the shorter arm is filled. Then close tbe shorter end, to pre- 
vent the admission of tbe air ; tbe siphon may then be turned 
in any direction and the fluid will not run out, on account of 
tbe pressure of the atmosphere against it. But if the shorter 
end be unstopped, the fluid will run out freely. 



ransfer of fluids. Eipkiii the first expetiment with Ihe 
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AIU ESSENTIAL TO A 



nial be placed under the receiver, and the air ex- 
id, it will immediat«ly droop, and if the air- be not 
speedily readmitted it will die. 

AIR ESSENTIAL TO COMBUSTION. 

Place a lighted taper, cigar, or any other substance that 
will produce smoke, under the receiver, and exhaust the air ; 
the light will be extinguished, and the smoke wOl fall, instead 
of rismg. If the air be readmitted, the smoke will ascend. 

THE PRESSURE OF THE AIR KETARDa EBULLITION,* 

1. Ether, alcohol, and other distilled liquors, or boiling 
water, placed under the receiver, will appear to boil when 
the air is exhausted. 

2. The existence of many bodies in a liquid form depends 
on the weight or pressure of the atmosphere upon them. The 
same force, likewise, prevents the gases which exist in fluid 
and solid bodies from disengaging themselves. If, by rarefy- 
ing the air, the pressure on these bodies be diminished, they 
either assume the form of vapors, or else the gas detaches 
itself altogether from the other body. The following exfieri- 
ment proves this : place a quantity of lukewarm water, milk, 
or alcohol, imder a receiver, and exhaust the air, and the liquid 
■will either pass off in vapor, or will have the appearance of 
boiling. 

3. An experiment to prove that the pressure of the atmo- 
sphere preserves some bodies in the liquid form, may thus be 
performed ; £11 a long vial, or a tube closed at one end, with 
water, and invert it in a vessel of water. The atmospheric 
pressure will retain tlie water in the vial. Then by means 
of a bent tube introduce a few drops of sulphuric ether, which, 
by reason of their small specific gravity, will ascend to the top 
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of the vial, e 

under the n 

seen to assume the gaseous form, expanding in proportion to 

the rarefaction of tlie air under the i-eceiver, so that it gradually 

expels the water from the vial, and fills up the enlire space 

itself. On readmitting the air, the ether becomes condensed, 

and the water will reascend into the vial. 

4. A simple and interesting experiment connected with the 
science of chemistry, may thus be perfoimed by means of the 
air-pump. A watch-glass, containing water, is placed over a 
small vessel containing sulphuric acid, and put under tlie 
bulbed receiver. When the aij- is exhausted, vapor will fieely 
rise from the water, and be quickly absorbed by the acid. A n 
intense degree of cold is thus produced and Ihe water will 
freeze. 

5. In the above experiment, if ether he used insteid of the 
acid, the ether will evaporate instead of the water and in tiie 
process of evaporation, depriving the wafer of its heat the 
water will freeze. These two experiment* appatentlj similir 
in effects, namely, the freezing of the watei dtpend upon two 
different principles which pertain to the scienoe of cbemistrj 

THE PNEUMATIC PARADOX. 

An interesting experiment, illustrative of the pneumatic 
paradox, may be thus performed : — Pass a small open tube, 
(as a piece of quill,) through the centre of a circular card two 
or three inches in diameter, and cement it, the lower end pass- 
ing down, and the upper just even with the card. Then pass 
a pin through the centre of another similar card, and place it 
on the former with the pin projecting into the tube to prevent 
the upper card from sliding off. It will then be impossible to 
displace the upper card by blowing through the quill, i 
count of the adhesion produced by the current passing be 
the discs. On this principle, smoky chimneys have been rem- 
edied, and the office of ventilation more effectually performed. 

Give the 4th experinieut to show that air prevents ebullition. Abo the 
fifth. Explain the pueumatio pej-adoi. 
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CHAPTER VIII. 

ACOUSTICS. 

152. Acoustics is the science which treats of the 
nature and laws of sound. It includes the theory of 
musical concord or harmony. 

153. Sound is caused hy a tremulous or vibratory 
motion of the air. 

1. If & bell be rung under an exhausted receiver, no sound 
can be heard from it ; but when the air is admitted to surround 
the bell, tlie vibrations immediately produce sound. 

2. Again, if the experiment be made by enclosing the bell in 
a small receiver, full of air, and placing that under another 
receiver, from which the air can be withdrawn ; though the bell, 
when struck, must then produce sound, as usual, yet it will 
not be heard if the outer receiver be wei! exhausted, and care 
be taken to present the vibrations from being communicated 
through any solid part of the apparatus ; because there is no 
medium through which the vibrations of the bell, in the smaller 

lated to the ear. 



154. Sounds are louder when the air surrounding the 
sonorous body is dense, than when it is in a rarefied 
state. 

For this reason the sound of a bell is louder m cold than in 
warm weather; and sound of any kind is transmitted to a 
greater distance in cold, clear weather Ihan m a warm sultry 
day. On the tops of mountains, where the air is rare, the hu- 
man voice can be heard only at the diatmce of a few rods ; 
and the firing of a gun produces a sound sesrcely louder than 
the cracking of a whip. 



15S. What is that science called which treaU of the j 


nature an 


d laws -f 


BouDdT What does it include? 






153. What causes sound? What illustrations are gii 




ve this! 


154- 111 what pro,wrtion are sounds loud or faint ' 


Why do 


ee a bcli 








lop of a mountain than near the surface of llie earth ! 
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155. Sonorous bodies are those which produce clear, 
distinct, regular, and durable sounds, such as a bell, a 
drum, wind instruments, musical strings and glasses. 
These vibrations can be communicated to a distance 
not only through the air, but also through liquids and 
solid bodies. 

156. Bodies owe their sonorous property to their 
elasticity.* 

157. The sound produced by a musical string is 
caused by its vibrations ; and the height or depth of the 
tone depends upon the rapidity of these vibrations. 
Long strings vibrate with less rapidity than short onesf 
and for this reason the low tones in a musical instru- 
ment proceed from the long strings, and the high tones 
from the short ones. 

1. Fig. 92, A B represents a musical string. Ifitbedrawn 
up to G, its elas- 
ticity will not on- ^*^ 

ly carry it back — — ^ -.,_ 

again, but will ,--:''- — c- '- "-"""-- 

give it a momen- ^^^''■''-' "'" ~ -I'V^i ii 

tura which will '^-'V'~~--1 — .ji --''■'' S-- 

carry it to H, """--V""' E-. ''--'''' 

from whence it "'" -^ ''' 

will successively 

return to T, F, C, D, cfec, until the resistance of the air entirely 

destroys its motion. 

2. The vibrations of a sonorous body ^ve a tremulous mo- 
tion to the air around it, similar to the motion communicated 
tc' smooth water when a stone is thrown into it. 



• AJthough it ie 


1 undoubtedly tha 


case that aU 


sonorous bodies are elas- 


t,c, Ltieuottobei 


inferred that all e 


laBtic bodies a 


re sonorous. 


155. What are i 


wiiorouBhodios? 






15B. To what d. 




owe their son. 


irous property T Are all 


elastic hodwe aouoi 


■OUB? 






157. WhaecauE 


IBS the sound proc 


luced by a mu 


fiioal string? Upon what 


doea the heijrht au 


d depth of tlio tc 


iiie depend? 


Which strings, in a mu- 


flical inslruiQeiil, p 


roduce the low lo 


■iieeT Why? 


Explaiu F,g- 33. 
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158. The science of harmony is founded on the rela- 
tion which the vibrations of sonorous bodies have to 
each other. 

Thus, when the vibrations of one string are double those of 
another, the chord of an octave is produced. If the vibrations 
of two strings be as two tothree, the chord of a fifth is pro- 
duced.* WhCQ the vibrations of two stnngs frecniently coin- 
cide, they produce a musical chord ; and when the coincidence 
of the vibra,tions is unfrequent, discord is produced. 

159. The quality of the sound produced by strings 
depends upon their length, thickness, weight, and degree 
of tension. The quality of the sound produced by wind 
instruments depends upon their size, their length, and 
their internal diameter. 

Long and large strings, when loose, produce the lowest 
tones ; but different tones may be produced from the same 
string, according to the degree of tension. Large wind in- 
struments, also, produce the lowest tones ; but diflerent tones 
may be produced from the same instrument, according to the 
distance of the aperture for the escape of the wind, from the 
aperture where it enters. 

160. The quality of the sound of all musical instru- 
ments is affected by the changes in the temperature and 
specific gravity of the atmosphere. 

As heat expands and cold contracts the materials of which 

' * Wbeii music is made by the use of etrings, the air is struck by Ibe 
body, and the sound is caused by tile vibrations; when it is made by 
plpee, Ibe body Is struck by the air ; but as action and reaction are equal, 
the effect is tbe same in botli cases. 

158. Upon what is Che scienci 
of an octave produced? How is 
musical ebord produced? A disccrdT 

159. Upon wbat does tbe ijuality of Ihe sound produced by strings de- 
pend? Upon wbat does that produced by wind inalruments depend t 
What striuga produce the lowest tones ! How may different tones be pro- 
duced from the same string? How may different tones be produced from 
the same wind instrument? 

leO. What, in some degree, affects the quality of tlie sound of all musi- 
cal instrumenls! What effect have heat and cold on Ihe materials of 
which tho inslrumeut is made 7 What follows from this ? 
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the instrument ia made, it follows, that the strings will have a 
greater degree of tension, and that pipes and other wind in- 
struments will be contracted, or shortened, in cold weather. 
For this reason, most musical instruments are higher in tone 
(or sharper) in cold weather, and lower in tone (or more flat) 
in warm weather. 

161. Sound is communicated more rapidly and with 
greater power through solid bodies, than through the 
air, or fluids. It is conducted by water about four 
limes quicker than by air, and by solids about twice as 
rapidly as by water. 

1. If a person lay his head on a long piece of timher, he 
can hear the scratch of a pin at the other end, while it could 
not be heard through the air. 

2. If the ear be placed against a long, dry, brick wall, and 
a person strike it once with a hammer, the sound will be he^rd 
twice, because the wall will convey it with greater rapidity 
than the au", though each will bring it to the ear. 

162. The Stethescope is an instrument depending on 
the power of solid bodies to convey sound. 

It consists of a wooden cylinder, one end of which is applied 
firmly to the breast, while the other end ia brought to the ear. 
By this means the action of the lungs may be distinctly heard. 
The instrument, tlierefore, becomes useful in the hands of a 
skilful physician, to ascertain the state of those organs. 

163. Sound, passing through the air, moves at the 
rate of 1142 feet in a second of time. This is the case 
with all kinds of sound. 

1. The softest whisper flies as fast as the loudest thunder. 

Why are most musical inetrumeiits higher in tone, or sharper, in cold 
ifeathcr T 

IGl. Thiough which is sound communicated more rapidly, and with 
greEt^r power, through solid bodies, or the air? How fast is it conducted 
by water' How fast by solids? What examples are given to show that 
Bound is communicated more rapidly through solid bodies than the ait or 



a Btethasoope) Of what does it consist? Fori 



163. How fast does so 
iv.jd make any differeiic 
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and the force or diri;i;lion of the wind mates but slight dif- 
ference in its velocity. 

2. This uniform velocity of sound enables us to determine 
the distance of an object from which it proceeds. If, for in- 
stance, the hght of a gun, fired at sea, be seen a half of a 
minut« before the report is heard, tlie vessel must be at the 
distance of six miles and a half. In the same manner, the dis- 
tance of a thunder-cloud may be ascertained, by counting the 
seconds between the appearance of the lightning and the noise 
of the thunder, and multiplying them by 1142 feet. 

164. An echo is produced by the vibrations of the air 
meeting a hard and regular surface, such as a wall, a 
rock, a mountain, and being reflected back to the ear, 
thus producing the same sound a second, and sometimes 
a third and fourth time.* 

1. Speaking-trumpets are constructed on the principle of 
the reflection of sound. 

2. The voice, instead of being diffused in the open air, is 

• From this it is evideot that no echo ean be heard at sea, or on en ei- 
tensive plain ; because there la no object thore to reflect the eound. An 
echo 15 heard only when a person stands in soch a eitoation as to hear 
both the original and the reflected sound. The pupil will doubtless reool- 
iecl what hae been said in Mechanics with respect to tho angles of inci- 
dence and reflection. Sound (aa wall as light, as will be explained under 
the head of Optica) ia commanicated and reflected by the same lav, 
namely, that Iht angles of incidence and rejlection are alwaya equal. It 
is not difficult, thereforo, to asoerlain the direction in which sound will pro- 
ceed, whether it be direct or reflected. It ie related of Dionysius, the 
tyrant of Sicily, that he had a dungeon, (called the ear of Dionysius,) in 

conductor to the place where he sat to listen: and thus he became ac- 



What advantage resulta flom this uniform velocity of sound 1 How can 
(he distance of a thunder-cloud be ascertained 7 

164, How is an echo produced 1 Note. Why cannot an echo be heard 

anecdote is related of Dionysius? Upon what princlplo are speakiitg- 
trumpeta coiistrunled? Explain the manner in which tlie vibrations of the 
ail are reflected. 
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eonfincd within the trumpet ; and the vibrations whicli spread 
and fall against the sides of llie instrument are reflected ac- 
cording to the angle of incidence, and fall in the direction of 
the vibrations, which proceed straight forward. The whole 
of the vibrations are thus collected into a focus ; and if the ear 
be situated in or near that spot, the sound will be prodigiously 
increased. 

3. Hearing-trumpets, or the trumpets used by deaf persons, 
are also constructed on the same principle ; but as the voice 
enters the large end of the trumpet, instead of the small one, 
it is not so much confined, nor so much increased. 

4. The musical instrument called the trumpet, acts, also, on 
the same principle with the speaking-trumpet, so far as its 
form tends to increase the sound.* 

165. Sound, like light, after it has been reflected 
from several surfaces, may be collected into one point, 
as a focus, where it will be more audible than in any 
other part ; and on this principle whispering- galleries 
may be constructed. 

The famous whispering-gallery in the dome of St. Paul's 
church, in London, is constructed on this principle.f Persons 
at very remote parts of the building can carry on a conversa- 
tion in a soft whisper, which will be distinctly audible to one 
another, while others in the building cannot hear it ; and the 
ticking of a watch may be heard from side to side. 

* The Hinooth aud polkhed surface of the iiilerior parts of CBrtain kinds 
of eheils, particularly if they bo spiral of utidulatiug, lit them to callect aud 
refract tlie various sounds whlcli are taliiug place iu the vicinity. Hence 
the Cyprias, the Nautilus, and some other ehellf, when held near the ear, 
^ve a continusd sound, which resembles the roar of the distant ocean. 

t Tliere k a church in the town of Newbiiryport, in Massachusetts, 
ivhich, aa was accidentally discovered, has the same property as a whis- 
►eriiig-gaiiery. Pereoos in opposite comers of the building, by facuig the 
wall, may carry on a conversation in the softest whisper, unnoticed by 
others iu any other part of the building. It is the building which contains 
in its cemetery the remains of the distinguished preacher, Whitfield. 

Upon what principle are heating-trumpets constructed ? How far does 
(he mUMcal inetrumont, called the trumpet, act upon the principle of the 

shells, when held near the ear, be ejiplalned? 

166. IIpou what priaeipip may whispering-galleries he constructed^ 
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166. Sounds may be conveyed to a much greater 
distance through continuous tubes than through the 
open air. 

1. Tke tubes used to convey sounds are called acoustic 
tubes. They are much used in pubUc houses, stores, coimt- 
ing-rogms, Ac, to convey communications from one room to 
another. 

2. The quahty of sound is affected by the furniture of a 
room, particularly the softer kinds, sucli as curtains, carpets, 
ifec, because, having little elasticity, they present surfaces un- 
favorable to vibrations. 

3. For this reason, music always sounds better in rooms with 
bare walls, without carpels, and without curtains. For the 
same reason, a crowded audience increases the difficulty of 
speaking. 

4. As a general rule, it may be stated, that plane and 
smooth surfaces reflect sound without dispersing it ; amvea: sur- 
faces 'disperse it, and concave surfaces collect it. 

5. The air is a better conductor of sound when it is humid 
than when it is dry. 

6. A bell can be more distinctly heard just before a rain ; 
and sound is heard bettor in the night tlian in the day, because 
the air is generally more damp in the night. 

7. The distance to which sound may be heard depends upon 
various circumstances, on which no definite calculations can be 
predicated. Volcanoes, among the Andes, in South America, 
have been heard at the distance of three hundred miles ; naval 
engagements have been heard two hundred ; and even the 
watchword " All 's well," pronounced by the unassisted human 
voice, has been heard from Old to Now Gibraltar, a distance of 
twelve miles. 

167. The sound of the human voice is produced by 
the vibration of two delicate membranes, situated at the 
top of the windpipe, and between which the air from the 
lungs passes. 

166. In what way can sounds be conveyed to a much greater dislanco 
lliaii through the aJrl What are the tubes, used to convey souuds, calledt 
Why do the softer kinds of furniture in a loom aSecl the quality of the 
sound ? What general rule is given with regard to the reflection of sound T 
Is Ihe an a better conductor when it ia humid, or when it is dry ! Wliy 

167. How is the sound of the human voice produced; 
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1. The tones are varied from grave to acute, by ojiening or 
contracting the passage ; and they are regulated by the mus- 
cles belonging fo the throat, by the tongue, and by the cheeks. 

2. The management of the voice depends much upon culti- 
vation ; and altfiough many persons can both speak and sing 
with ease, and with great power, without much attention to ita 
culture, yet it is found that they who cultivate their voices by 
use, acquire a degree of flexibility and ease in its management, 
which, in a great measure, supplies the deficiency of nature.* 

3. Ventriloquismf is the art of speaking iu such a manner 
as to cause the voice to appear to proceed from a distance. 

• The reader k referred to Dr. Rash's very valuabla work ou the 
" Philosophy of tha Human Voice," for plain and practical inalractions oa 
this gubject. Dr, Barbor's " GrammBT of Elocalion," and Packer's " Pro- 
gressivo Exercises in Rhetorical Reading," lihewise contain tho same tn- 
Btructions in a praelioal form. To the work of Dr. Rush, both of tho 
latler-inentioued works are largely indebted. 

t The word veufriloqnism literally means, " speaking from the Mly," 
and it IB BO defined in CliamberB' Dictionary of Arte and Sciences. Tho 

his power " to tAroic hit voice" in any direction, so that the sound shall ap- 
pear to proceed from that spot. The words are pronounced by the organs 
usually employed for that purpose^ but in such a manner as to give little 
or no motion to the lips, the organs chiefly concerned being those of the 
throat and tongue. The variety of sounds which the human voice is ca- 
pable of thiiG producing is altogether beyond common belief, and, ij^deedr 
is truly surprising. Adopts in this art will mimic the voices of all ages 
and conditons of human life, from the smalieat infant to the tremulous 
voice of tottering age, and from the intoxicated foreign beggar to the 
high-bred, artificial tones of the fashionable lady. Some will also imitate 
the warbling of the nightingale, the Loud tones of the whip-poor-will, and 
Hie scream of the peacocb, with equal truth and facility. Nor are these 
arts confined to professed imitutore ; for in many villages boys may be 
found, who aro in the habit of imitating the brawling and spitting of cats, 
in such a manner as to deceive almost every hearer. 

Tho human voice is also capable of imitating almost every inanimate 
sound. Thus, (lie turning and occa«oual creaking of a grindstone, with 
the rush of the water, tho sawing of wood, the trundling and creaking of a 
wheelbarrow, tho drawing out of bottle-corks, and the gurgliug of the 
flowing hquor, the sound of, air rushing through a crevice on a wintry 
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4. The art of vcntrilcxiiiism was not unknown to tlie ;in- 
cients ; and it is supposed by some authoi-s tliat the fymou.>5 
responses of the oracles at Delphi, at Ephesus, &c., were de- 
livered by persona who possessed this faculty. There is no 
doubt that many apparently wonderful pieces of deception, 
which, in the days of superstition and ignorance, were con- 
sidered as little short of miracles, were performed by means 
of ventriloquism. Thus houses have been made to appear 
haunted, voices have been heard from tombs, and the dead 
have been made to appear to speak, to the great dismay of 
the neighborhood, by means of this wonderful art. 

5. Ventriloquism is, without doubt, in great meiisure the 
gift of nature ; but many persons can, with a little practice, 
utt^r sounds and pronounce words without opening the lips or 
moving the muscles of the face ; and this appears to be the 
great secret of the art. 



CHAPTER IX. 

PYEONOMICa, OR THE LAWS OF HEAT. 

168. Pyronomics is the science ivhich treats of the 
laws, the properties, and operations of heat.* 

1. Tte nature of heat is unknown ; but it has been proved 
that the addition of heat to any substance produces no per- 
ceptible alteration in the weight of that substance. Hence it 
is inferred that heat is imponderable. 

2. Heat pervades all bodies, insinuating itself, more or less, 

night, Bud a great variety of other noisoB of tbe same ktiid, are imitated by 
the voice bo exactly, as U> deceive any hearer who does not know vhenco 
tliey proceed. 

* Heat is undoubtedly a positive Bubstanca or quality. Cold Is merety 
negative, being only the absence of heat^ 

Was this art known i 
thors, concerning the re 
a natural gift, or an acquired one ? 

168. What isFyronomiea? What 
beat? Ii it ponderable or impondorab 
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bet»/een the! partiulea, and forcing them asunder. Heat, and 
the aUniction of cohesion, coiisfjinQy att in opposition to eacli 
othtr; hence the moie a body is heated, the more its particks 
will be 8epa.i-aied. 

3. The efl'ect of heat la separating the particles of different 
kinds of substances is seen in the melting of solids, such as 
metals, wax, butter, &c. The heat insinuates itself between 
ike particles, and forces them asunder. These particles then 
are removed from that degree of proximity to eaj:h other with- 
in which cohesive attraction esists, and the body is reduced to 
« fluid form. When the heat is removed tlie bodies return to 
their former solid state.* 

4, Heat passes through some bodies with more difficulty 

* Of all the effects of hoal, thai produced upon water is, perhaps, the 
moal remiukabls. The particles are totally separated aiiit converted into 

which arises from boiling water is nothing more than portions of the water 
heated. The heat iuBiiiuates itself between the particles of the water, and 
■forces them asunder. When deprived of the heat, the partielee will unite 
in the form of drops of water. This fact can be seen by holding a cold 
plate over boiling water. The steam rising from the water will be cou- 
densed into drops on the bottom of the plate. The air which we breathe 
generally contains a considerable portion of moisture. On a coid day, this 
mourture condenses on the glass in the windows, and becomes visible. We 
see it also collecied inlo drops oa the outside of a tumbler or other vessel 

markable effects upon air, causing it to eipand to a wonderful extent, 

which compose mist or vapor to unite together in the form of drops uf 
water. It is thus that rain \a produced. The clouds consist of mist or 
vapor expanded by heat. They rise to the cold regions of the skies, where 
the particles of vapor lose their heat, and then, uniting in drops, fall to the 
earth. Bui so long as they retain their heat, the attraction of cohesion can 



What effect has heat upon bodies? What two forced continually act 
I opposition la each other'! In what can the effect of heat be seen? How 
oes it separata the partidea! What wouid he the effect were the heat 
-jnuved ? Upon what has heat the most remarliable effect ? How docs 

affect it? What effect has heat upon air? How ia run produced? 
Vliat ii stated with regard to heat? 
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tlian tljroiigli others ; but there is no kind of matter wliich can 
completely arrest its progress.* 

169. The principal effects of heat are three, namely : 

1st. Heat expands most substances. 

2d. It converts them from a solid to a fluid state. 

3d It destroys their texture by combustion. f 

* The thermometer, an iuatnimont designed ta measure degrees of heat, 

head of PiieumaticB. Heat, uader the name of cttlorie, is properly a sub- 
ject of cQiieideration in the ecieiice of Chemistry. It exists in two states, 
called, respectively, free heal and latent heat. Free heat, or free caloric, 
is thitt which is perceptible to the eeiiees, as the heat of a lire, the heat of 
the sun, &c. Latent heat ia that which exists in most kinds of suhstances, 
but Is not perceptible to the seuses, ontil it is brought out by mechaiiical 
or chemical action. Thus, when a piece of cold iron is hammered upon 
au anvil, it becomes luteneely heated ; and when a small portion of sul- 
phuric acid, or vitrinl, is poured into a vial of cold water, the vial and the 
liquid Immediately become hot. A further iilustralion of the existence of 
latent or concealed heat is given at thefiFeslde every day. A portion of cold 
fuel is placed upon the grate or hearth, and a spark is applied la kindle the 
fire which warms us. It ia evident that the heat given out by the fuel, 
when ignited, does not all proceed from the spark, nor can we perceive it 
in the fuel ; it must, therefore, have existed somewhere in a latent state. 
It is, however, the efFccts of free heat, or free caloric, which are embraced 
ill the science of Pyronomics. The subject of latent heat belongs more 
property to the science of Chemistry. 

The terms heat and cold, as they are generally used, are merely rela- 
tive terms ; for a substance which in one person would excite the seuBaliou 
of heat, might, at the same time, seem cold to aiiother. Thus, also, (a the 
same individual, the same thing may be made to appear, relatively, both 

n warm tire, and the other ou a cold stone, or 
both lulo a basin of lukewarm water, the li 

t These effects do not take place in all substance. Some substances 
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170. Heat tends to diffuse itself equally through all 
substances. 

1 If a h t d b dy b pi ed near a cold OBe, the tempera- 
ture f th f rm nil b 1 wered, while that of the latter will 
beraa d 

2 All b t n nt a certain quantity of heat ; but, 
on unt f ts t d j to diffuse itself equally, and the 
diffe n n tl p w f different substances, to conduct it, 
bod f th m ah lut temperature appear to possess 
different degrees of heat. 

3. Thus, if the hand he successively applied to a woollen 
garment, a mahogany table, and a marble slab, all of which 
have stood for some time in the same room, the woollen gai- 
ment will appear the warmest, and the marble slab the coldest 
of tLd three articles ; but if a thermometer be applied to eacii, 
■)o difference iu the temperature will be observed. 

4. From this it appears, that «oot« substances conduct heat 
readily, onrf others with great difkulty. The reason that the 
marble slab seems the coldest, is, that marble, being a good 
conductor of heat, receives the heat from the hand so readily 
that the loss is instantly felt by the hand ; while the woollen 
garment, being a bad conductor of heat, receives the heat 
from the hand so slowly that the loss is imperceptible. 

171. The different power of receiving and conducting 
heat, possessed by different substances, is the cause of 
the difference in the warmth of various substances used 
for clothing. 

are incomboBlible ; others eaniiot be transfornied (o a fluid slate by any 
degree of heat yet produced artificially. The expansive afibct of heat haa 
but one known eiception. The Bources from which heat ia derived are— 

IsL From ths sun in connexion with light ; 

9dly. From mechanical operations, such as fricUon, percoseion, and 

3dly. From chemical operations, especially combustioa; 
4lhly. From living auimala and vegetables. 

What are the sources of heat ? 

170. In what way does heat tend to diffuse itself? Why do bodies of 
the same absolute temperature appear to possess different degrefs of heat ^ 
What illustration of this is given 7 What appears from this? 

171. What causes the difference in the warmth of eubatancee used tor 
clothing! 
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1. Thus, woollen garments a.re warm gamients, becaase they 
part slowly with the heat which they acquire from the body, 
and, consequently, they do not readily convey the warmth of 
the body to the air ; while, on the contrary, a linen garment is 
a cool one, because it parts with its heat readily, and as readi- 
ly recMvea fresh heat from the body. It is, therefore, con- 
stantly receiving heat from the body and throwing it out 
into the air, while the woollen garment retains the heat which 
it receives, and thus encases the body with a warm covering. 

2. For a similar reason ice, in summer, is wrapped in woollen 
cloths. It is then protected from the heat of the air, and will 
not melt. 

173. Heat is propagated in two ways, namely, by 
conduction and by radiation. Heat is propagated hy 
conduction when it passes from one substance to another 
in contact with it. Heat is propagated by radiation 
when it passes through the air or any other elastic 
fluid. 

173. Different bodies conduct heat with different de- 
grees of facility. The metals are the best conductors, 
and among metals silver is the best conductor. 

1. For this reason any liquid may he heated in a silver vessel 
more readily than in any other of the same thickaess. The 
metals stand in the following order, witli respect to their con- 
ducting power ; namely, silver, gold, tin, copper, platina, steel, 
iron, and lead, 

2. It is on account of the conducting power of metals* that 

* MelaJe, on account of their eoDdueting power, oaunot be handled 

bocomes scalding hot at 15U degrees, but air, I 
peraturo of boiling water, may bo applied to 
Sir Joseph Banks, with several other gentlemen, remained some time in a. 
• room when the heat was 52 degrees above the Iwiling point ; but, tliough 
they could bear Uie contact of the heated air, they could not touch any 
metallic substance, as their watch-chaiuB, money, &e. Eggs, placed on 

179. In what two ways is heat propagated T When is it propagated by 
conduction? When is it propagated by radiation? 

173. Do all bodies conduct heat w 
■bodioB are the best conductorsT In 
ifepfot to their conducting power' 
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tlie h;md]es of metal toa-pots and coffee-pots arc conimonlj" 
made of v/ocd ; since, if they were mnde of metal, tliey would 
become too hot to be gmsped by the hand, soon after the vessel 
is tilled witli lieiited fluid. Wood conducts heat very imper- 
fectly. For this reason wooden spoons and forks are preferred 
for ice. Indeed, so imperfect a conductor of heat is wood, that 
a stick of Vood may be grasped by the hand while one end of 
the stick is a bnmbg coal. Animal and vegetable substances, 
of a loose t«xture, such as fur, wool, cotton, &c., conduct heat 
very imperfectly ; hence their efficacy in preserving the warmth 
of the body. 

174. Heat is reflected from bright surfaces; while 
black or dark colored bodies absorb the heat that falls 
on them. 

1. This is the reason why the bright brass andirons, or any 
other bright substances, placed near a hot fire, seldom become 
heated ; while other dark substances, further removed from the 
fire, become too hot for the hand. 

2. Snow or ice will melt under a piece of black cloth, when 
it will remain perfectly solid under a white one. The fanners 
in some of tlie mountainous parts of Europe, are accustomed 
to spread black earth, or soot, over the snow, in the spring, to 
hasten its melting, and enable them to commence ploughing 

175. All bodies, when violently compressed or ex- 
tended, become warm. 

a tin frBine, wore roasted hard in twenty minutes ; and a becf-eteak was 
overdone in tliirtj'three minutes. 

Chanliey, the celebrated Eculptor, had an oven wliich ho used for drying 
his plaster cuts aud moulds. The thermomster generally stood at 300 de- 
grees iu it, yet the workmen entered, and remained in it some miiiute« 
without difficulty ; but a gentleman ouce entering it with a pair of silver- 
mouuted spectacles oa, had hie face burnt where the metal came in con- 
tact with the sfcin. 

Is wood a good conductor of heat J Why are wool, fur, &c., eo effi- 
cacious in preserving the warmth of the body) What is related in the 
note with regarded the conducting power of heat? 

174. What bodies reflect the heat? What bodies absorb the heal' 
M^'hy do bright bodies, wheii placed near the fire, seldom become healed? 
Will snow melt most readily under white or black cioth ? 

175. What eflecl is produced on all bodies when violently compressed 
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1. If a piece of india-rubber be quickly stretched and ap- 
plied to the lip, a sensible degree of heat will be felt. An iron 
bar, on being hammered, becomes red-hot ; and even water, 
when strongly compressed, gives out heat. 

2. When air is forcibly compressed by driving down the 
piston of a syringe, nearly closed at the end, great heat is pro- 
duced. Syringes have been constructed on this principle for 
procuring fire, the heat, thus produced, being sufficient to 
Idndle dry tinder. 

176. All substances, as they are affected by heat, 
may be divided into combustible and incombustible 
bodies.* 

177. The pyrometert is an instrument to show the 
expansion of bodies by the application of heat. 

It consists of a metallic bar or wire, with an index connected 
with one extremity. On the application of heat the bar ex- 
pands and turns the index to show the degree of expansion. 

178. The most obvious and direct effect of heat on a 
body, is to increase its extension in all directions. 

1. Coopers, wheelwrights, and other artificers, avail them- 
selves of this property in fixing iron hoops on casks, and the 
tires or irons on wheels. The hoop or tire having been heated, 
expands, and being adapted in that state to the cask or the 
wheel, as the metal contracts in cooling, it clasps the parts 
very firmly together. J 

* Vogotable BubstaucoB, churcoal, oile, moat animal substances, as hair. 
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2. The effect of heat and cold,* in the expansion and con- 
traction of glass, is an object of common observation ; for it is 
this eipansion and contraction which cause so many accidents 
with glass articles. Thus, when hot water ia suddenly poured 
into a cold glass, of any form, the glass, if it have any thick- 
ness, will crack ; and, on the contrary, if cold water be poured 
into a heated glass vessel, the same effect will be prcwluced. 
The reason of wkich is this : heat makes its way but slowly 
through glass ; the inner surface, therefore, when the hot 
water is poured into it, becomes heated, and, of course, dis- 
tended before the outer surface, and the irregular expansion 
causes the vessel to break. There is less danger of fracture, 
therefore, when the glass is thin, because the heat readily 
penetrates it, and there is no irregular expansion.^ 

supporlers, caustd by the dilatation and contraclinn effected by the weather. 
lu the iion arches of Southwark bridge, over the Tbauiee, tbe variation of 
the temperature of tlie air eaoaea a dillference of height, at different times, 
amounting to nearly an inch. A happy application of thifi principle to the 
mechanic arts was made, some years ago, at Paris. The wei^t of the 
roof of a building:, in the Conaemlory of Arts and Trades, had pressed 
otitwarda the side wath of the Btructure, and endangered its security. The 
following molhod was adopted to restore the perpendicular direction of the 
Etructure. Several apertures were made in the walls, opposite to each 
other, through wliich iron bars were introduced, which, stretching across 
the building, eiteaded beyond the outside of the walls. These bars ter- 
minated in screws, at each eud, to which lar^ broad nuts were attached. 
Each alternate bar was then heated by moans of powerful lamps, and 
their lengths being thus increased, the nuts on the outside of the building 
were screwed up close to it, and the bars were Buflered to cool. The pow- 
erful contraction of the bare drew the walls of the building closer together, 
and the same process being repeated on all the bars, the walls were grad- 
ually and steadily restored to their upright position. 

" Cold IB merely the absence of heat ; or rather, more properly speak- 
ing, inferior degrees of heat are termed cold. 

t The giaas chimneys, used for oil and gas burners, are often broken by 
being suddenly placed, when cold, over a hot flame. The danger of frac- 
ture may be prevented (it is said) by making a minute notch on the bot- 
tom of the tube with a diamond. This precaution has been used in an 

What is e^d of the effect of heat and cold on glass? When hot water 
is suddenly poured into a eold glass, why will the glass crack? Wheu 
cold water is applied to a heated glass, why will the glass crack? 
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m the case ot water ; whicli, instead of contracting, espands at 
the freezing point, or when it is froze*. This is the reason why 
pitchers, and other vessels, coDtaining water and other simiW 
fluids, are so often broken when the liquid freezes in them. 
For the same reason, ice floats* instead of sinking in water ; 
for as its density is diminished, its specific gravity is conse- 
quently diminished. 

181. Different bodies require different quantities of 
heat to raise them to the same temperature ; and those 

establishment where six lamps were lighted every day, and not a single 
glass has been broken in nine years. 

• Were it not for thia remarkable property of water, large ponds and 
lakes, exposed to intense cold, would become solid masses of ice ; for if the 
ico, when formed on the surface, were more douse (that is, more heavy) 
than the water below, it would sink to the bottom, and the water above, 
freezing in its turn, would also sink, until the whole body of Iho water would 
bo frozen. The consequence would be the total destruction of all crea- 
tures in the water. But the specific gravity of ice causes it to continue ou 
the surface, protecting the water below from congelaton. 

179. Is the expansion caused by heat in solid and liquid bodies the same 
in all substances? How do agriform fluids differ, in thia respect, from 
solid and liquid bodies 7 Upon what does the expansion of solid bodies in 
some degree depend? Why baa heat more power over gases and vapors? 

180. What effect has heat and cold jipon the density of all siibstaiicesT 
What exception is there to this remark ! Why are the vessels, coulaiu- 
iiig water and other similar fluids, so often broken when the liquid freezes 
in them? Why does ice float upon the water, instead of sinking iu it? 
What is stated in the note with regard to this property of wuter ? 
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whicli are lieated with most difficulty retain their he^it 
the longest. 

Thus oil becomes heated more speedily than water, and it 
hkewise cools more quickly. 

182, When heat is thrown upon a bright or polished 
surface it is reflected,* and the angle of reflection will 
be equal to the angle of incidence. 

183, When a certain degree of heat is applied to 
water it converts it into steam or vapor, 

184, The temperature of steam is always the same 
with that of the liquid from which it is formed, while it 
remains in contact with that liquid. When closely con- 
fined, its elastic power is often sufficient to burst the 
vessel in which it is confined, 

185, The elastic force of steam is increased by heat, 
and diminished by cold. The amount of pressure, 
therefore, which it will exert depends on the tempera- 
tui-e at which it is formed. 

186, The great and peculiar property of steam, on 
which its mechanical agencies depend, is its power of 

• Advantage has been iBJten ot this property of hsBt in the cMioBtruolion 
of a simple apparatus for baking. It is a brigbt tin case, having a cover 
inclined towards the lire in such a manner as to reHect the heat down- 
wards. In this manner use ia made both of Che direct heat of the fire, and 
the reflected heat, which v^ould otherwise pass into the room. The whole 
apparalHs, thus conaoeted with the culinary department, ia called, iu New 
Euglaiid, " The Connecticut bakir." 

181. Can all bodies be raised to the same temperature by the samu 
quantities of heat I What bodies retain their heat the longest? 

182. What becomes of the heat which Is thrown upon a bright or pol- 
ished surface? How do the angles of incidence and reflection compare 
with each other? 

183. When is water converted into steam or vapor ? 

IS'l- How does the temperature of the stoam compare with (hat of the 
li-iuidfrom which it is formed while it romaiuB in contact with that liquid? 

185. By wh^t is the elasticity of steam increased and dimluished? 
Upon what does the amount of pressure, wliich steam exerts, depBud ? 

18G. What is the great and peculiar property of steam, oij wlxicii itH 
mechanical agencies depend? 
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exerting a high degree of elastic force, aod losing it in- 
stantaneously, 

187. The steam-engine is a machine moved by the 
expansive force of steam.* 

188. Steam occupies a space about 1700 times larger 
than it will when converted into water. If, therefore, 
the steam in a cylinder be suddenly converted into 
water, it will occupy a much smaller space, and pro- 
duce a vacuum in the cylinder, 

1. The mode in which steam is made to act, is hy causing 
its espansive force to raise a solid piston accurately fitted ti> 
the bore of a cylinder, like that in the forcing-pump. 

2. The piston-rod rises by the impulse of expanding steam, 
admitted into tlie cylinder below. When the piston is thus 
raised, if the st«am below it be suddenly condensed, or with- 
drawn from under it, a vacuum will be formed, and the pres- 
sure of the atmosphere on the piston above will drive it down. 
The admission of more steam below it will raise it again, and 
thus a continued motion of the piston, up and down, will he 
produced. This motion of the piston is communicated to wheels, 
levers, and other machinery, in aucli a manner as to produce 
the effect intended.f 

3. The celebrated Mr. James Watt introduced two important 
improvements into the steam-engine. Observing that the 
cooling of the cylinder by the water thrown into it to condense 
the steam, lessened the expansibility of the steam ; he con- 
trived a method to withdraw the steam from the principal cyl- 
inder, after it had performed its office, into a condensing- 

• Steam, as it issues into Ihs air, is visible, and resembles emoke in ift 
appearance, becaiiee tbe coldnees of tbe air instantly coudenses It inti 
minute watery globules ; but while performing its office, it ia perfectty dry, 
that is, it contaius no watery particles, hut is expanded into so rare a state 
as to be absolutely invisible. 

t This ia the mode in which the engine of Newcomen and Savery, 
comniouly called the atmospheric engine, was constiuctod. 

187. What is the steam-engine) 

Ids. How much la^r apace does steam occupy than water? By 
what mode is steam made to act! By what impulse docs the piston rise? 
What eauBes the pbton to descend? What improvement did Mr Watt 
iulmduoe into the sleani-engine 1 
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I into water, and conveyed 
1 substituting the ex- 



f h 



Fib- flJ. 



chamber, where it is reconverted 
back to the boiler. 

4. The other improvement consists ii 
pansive power of steam for the atmospher 
was performed by admitting the steam into the cylinder above 
the raised piston, at the same moment that it is removed from 
below it ; and thus the power of steam is exerted in the descewl- 
ing as well as h as dm k h p 

much greater imp g h m hm h b 

former method Yd h earn 

as well as helo h p dm d h 

steam, after i p u d tb fh h ^^m d 

Watt's double g td i 

5. Fig. 93 p se t 
which steam i m d 
be connected wi h Th 
cylinder and p 
the condenser, the air- 
pump, the steam-pipe, 
the eduction- pipe, and 
the cistern. In this figure, 
A represents the boUer, 
C the cylinder, with H 
tiie piston, B the steam- 
pipe, with two branches* 
communicating with the 
cylinder, the one above 
and the other below the 
piston. This pipe has two valves, F and G, which are opened 
and closed alternately by machinery connected with the pistoa. 
The steam is carried through this pipe by the valves, when 
open, to the cylinder both above and below the piston. K is 
the eduction-pipe, having two branches, like the steam-pipe, 
furnished with valves, (fee, which are opened and shut by the 
same machinery. By the eduction-pipe, the steam is led off 
from the cylinder as the piston ascends and descends. 

B sometimes made in forme diC- 
Ifer much in different engincM. 

What does Fig. 93 repreaeul? What are the principal parls? Wlial 
does A reprBsenl? What does C represant? What does B reprowiil? 
What does K repreeeiilT By what is tbo steam led offfrom ttie cylinder? 
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L is the condenser, and a stop-coct for the iidmission of 
cold water. M is the Mr-pinnp. N is the cistern of cold water 
in which the condenser is immersed. K is the safety-valve. 
When the valves are all open, the steam issues freely fi'om the 
boiler, and circulates through all the parts of the machine, ex- 
pelling the air.* Now, the valves F and Q, being closed, and 
G and P remaining open, the steam presses upon the piston 
and forces it down. As it descends, it draws with it the end 
of the working-beam, which is attached to the piston-rod J, 
(but which is not represented in the figure.) To this working- 
beam, (which is a lever of the first kind,) bars or rods are at- 
tached, which, rising and falling with the beam and the piston, 
open the stop-cock 0, admitting a stream of cold water, which 
meets the steam from the cylinder and condenses it, leaving no 
force below the piston to oppose its descent. At this moment 
the rods attached to the working-beam close the stop-cocks G 
and P, and open F and Q. Tlie steam then flows in below tht 
piston, and rushes from above it into the condenser, by which 
means tlie piston is forced up again with the same power as 
that with which it descended. Thus the stfeam-cocka and 
P and F and Q are alternately opened and closed ; the steam 
passing from the boiler drives the piston aliemately upwards 
and downwards, and thus produces a regular and continued 
motion. This motion of the piston, being communicated to the 
working-beam, is extended to other machinery, and thus an 
engine of great power is obt^ncd. 

The air-pump M, the rod of which is connected with the 
working -beam, carries the water from the condenser back into 
the boiler, by a communication represented in Fig. 94. 



What does L reprosent? What does O represeiit? What does M rep 
reeont? What does N represent? What does R repreeeiit? When the 
valves are aU open, what becomes of the steam ? When the valves F and 
Q are closed, and G and P open, upon what does the steam preasT What 
doea the cylinder draw with it in its descent ? Which of the mechanical 
powers IB this workjug-beam T What are attached to this working-beam? 
What is their use ? What becomea of the steam when (he slop-coaka G 
and P are cltaed, and F and Q are open? How is the regular and con- 
tinued motion produced? To what is this motion of the piston communi. 
cated f What le the u«e of the air-pump M 1 For what is ihe eafetv- 
valve R uised T 
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The safety-valve R, connected with a lever of llie second 
lind, is made to open when the pi*essure of the steam within 
tlie boiler is too great. The steam then rushing through the 
opeiliire under the valve, removes the danger of the bursting 
of the boiler. 

189. The power of a steam-engine is generally ex- 
presseii by the power of a horse, which can raise 
33,000 lbs, to the height of one foot in a minute. An 
engine of 100 horse power, is one that will raise 
3,300,000 lbs. to the height of one foot in one minute. 

190. The steam-engine" is constructed in various 
forms ; the principal of which are the high and the low 
pressure engines ; or, as they are sometimes called, the 
non- condensing and the condensing engines. 

1. The non- condensing or high-pressure engines differ from 
the low pressure or condensing engines in having no condenser. 
The steam, after having moved the piston, is let off into the 
open air. As this kind of engine occupies less space, and is 
much less complicated, it is generaUy used on railroads, 

2. In the low pi*"»,uie or condensing engines, the steam, after 
having moved the piston, is condensed, or converted into water, 
and then conducted back into the boiler. 

* The htcam engine as it is eonstrueted at the present day, ii the re- 
sult of the I weiitioiis and disoovoriea of a number of diatingQiahed indi- 
viduate at different petiods. Among thoae who have conttibuted to ila 
present stite of perfeetion and ita apphcstlon to practical purposes, may 
be mentioned the namea o! Somerset, the Marquis of Worcester, Savery, 
Newcomen Fnlton and eapeoialiy Mr. Jainee Watt. 

To the iQventiie gen is of Watt, the engine is indebted for the con- 
df-neer, the appendages for parallel 'notion, the appbeation of the governor, 
and for the doable action. In the words of Mr. Jntfrey it may be added, 
that, " by his admirable contrivaneoB, and those of Mr. Fullon, it has be- 
come a thing alike stupendous for its force and its flexibility ; for the pro- 

189. How is the power of a steam-eugine expressed T What is an en- 
gine of 100 horsepower? 

190. What are the priocipal forma in which the ateam-engine is con- 
almctod? How da they diifct from each other? What becomes of [he 
steam after having moved the piston in the non-oondeixaing engines? 
Wiiat kind of engines is gi-nerally nsed ou raiiroada ? What become* of 
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8. Fig. 04 represents Watt's double-acting condensing steam- 
engine, in which A represents the boiler, containing a large 
quantity of water, which is constantly replaced as fast aa por- 
tions are converted into steam. B is the steam-pipe, convey- 
ing the steam to the cylinder, having a steam-cock b to admit 
or exclude the steam at pleasure. 

C ia the cylinder, surrounded by the jacket ce, a space kept 
constantly supplied with hot steam, in order to keep the 
cylinder from being cooled by the extemEil air. D is the 

digious power it can eiert, and the ease aiid precision and ductility with 
wKich it can be varied, distributed, and applied. The trunk of an ele- 
phant, that can pick up 8 pin, or rend an oak, is as nothing to it. It can 
engrave a seal, and crush maSHcs of ohdurate metal before it ; draw out, 
without breaking, a thread as fine as gossamer, and !ift up a ship of wai 
like a bauble in the air. Il can embroider muslin, and forgn aTichom ; cut 
(•eel into ribands, and impel loaded vessela againat the fury of tlie wintt 
And waves." 
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eduction-pipe, communicafjng between tte cylinder and tlie 
condenser. E is the condenser, with a valve e, called the 
injection- cock, admitting a jet of cold water, which meets the 
sieiim the instant that the steam enters the condenser. F is 
tlie air-pump, which is a common suction -pump, but is here 
called the air-pump because it removes from the condenser not 
only the water, but also the air, and the steam that escapes 
condensatjon. G G is a cold-water cistern, which surrounds 
the condenser, and supplies it with cold water, being filled 
by the cold-water pump, which is represented by H. I is the 
hot well, containing water from the condenser. K is the hot- 
water pump, which conveys back the water of condensation 
from the hot well to the boiler. 

L L are levei-s, which open and shut the valves in the chan- 
nel between the steam-pipe, cjHnder, eduction-pipe, and con- 
denser; which level's are raised or depressed by projections 
attached to the piston-rod of tlie pump. M M is an apparatus 
for changing the circular motion of the working-beam into 
parallel motion, so that the piston-rods are made to move in a 
straight line. N N is the working-beam, which being moved 
by the rising and falling of the piston, attached to one end, 
communicates motion to the fly-wheei by means of the crank 
P, and from the fly-wheel the motion is communicated by 
bands, wheels, or levels, to the other parts of the machinery. 
is the governor. 

The governor being connected with the fiy-wheel, is made 
to participate the common motion of the engine, and the balls 
will remain at a constant distance from the perpendicular 
shaft, so long as the motion of the engine is uniform ; hut 
whenever the engine moves faster than usual, the bails will re- 
cede farther from the shaft, and, by raising a valve connected 
with the boiler, will let off such a portion of the force as to 
reduce the speed to the rate required. 

The steam-engine, thus constructed, is applied to boats to 
turn wheels having paddies attached to their circumference, 
which answer the purpose of oars. It is used also in work- 

Whatdnes Fig. 94 represent? What does A repreBeiit? What does B 
iBpreBButJ What does C represent? What does D reprBeent? What 
doesEwpresputl What does F represent? What does G G represent ! 
What does I rQpreseiit? What does K represent? What does LL r^'- 
reaaut? Whit does M M represent? WhitI does N N represent) WUal 
dOBsOO represenll What is said of the governor? 
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shops, factories, &c. ; and different directions and velocities 
may be given to the motion produced by the action of the 
steam on the piston, by connectinjf the piston to the beam with 
■wheels, axles, and levers, according to the principles stated 
under the head of Mechanics. 

191. The locomotive engine is a high-pressure steam- 
engine, mounted on wheels, and used to draw loads 
on a railroad, or other level roads. It is usually accom- 
panied by a large wagon, called a tender, in which the 
wood and water, used by the engine, are carried. 

Fig. 95 represents a side view of the internal construction 
of a locomotive steam-engine ; in ivhich F represents the fire- 
box, or place where the fire is kept ; D the door through which 
the fuel is introduced. The spaces marked B are the interior 
of the boiler, in which the water stands at the height indicated 
by the dotted hne. The boiler is closed on all sides, all its 
openings being guarded by valves. The tubes marked pp 
conduct the smoke and flame of the fuel through the boiler to 
the chimney C C, serving, at the same time, to communicate 
the heat to the remotest part of the boiler. By this arrange- 
ment none of the heat is lost, as these tubes are all surround- 
ed by the water. 8 8 8 is the steam-pipe, open at the top 
V S, having a steam-tight cock, or regulator, V, which is 
opened and shut by the lever L, extending outside of the 
boiler, and managed by the engineer. 

The operation of the machine is as follows : the steam being 
generated in great abundance in the boiler, and being unable 
to escape out of it, acquires a considerable degree of elastic 
force. If at that moment the valve V be opened, by the 
handle L, the steam entering the pipe 8 passes in the direction 
of the arrow, through the tube, and enters the valve-box at 
X. There a sliding-valve, which moves at the same time with 
the machine, opens for the steam a communication successively 
with each end of the cylinder below. Thus, in the figure, the 
entrance oa the right hand of the sliding-valve is represented 
as being of>en, and the steam follows in the direction of the 
arrows into the cylinder, where its expansive force will move 

191. Describe the locamotiee ateara-en^ne. In Fig, 95, what do F 
and D rspresBntT What do Ihe following referencea reapeclively tepre- 
aeul, oainely, SSS? BBB? ppp?? CC? X! L7 PT NN? 
RGKK7 
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the piston P m the diiection of the arrow. The steam or air 
on the other side of the piston passea out in the opposite 
direction, and is conveyed, hy a tube passing through C C, 
into the open air. 

The motion of the piston in the direction of the arrow, 
causes the levers N N to close the sliding-valve on the right, 
and open a communication for the steam on the opposite wde 
of the piston p, where it drives the piston back towards the 
arrow, at the same time affording a passage for the steam on 
the right of the piston to pass into the open air. 

Motion being thus given to the piston, it is communicated, by 
means of the rod R and the beam G, to the cranka K K, which, 
being connected with the axle of the wheel, causes it to turn, 
and thus move the machine. 

Thus constructed, and placed on a railroad, the locomotive 
Bteam-en^ne is advantageously used as a substitute for horse 
power, for drawing heavy loads.* 



This engine is generally a high- pressure, or non- condensing 
engine, used to propel machinery in workshops and factories. 
As it is designed for a labor-saving machine, it is desirable to 
combine simplicity and economy with safety and durability in 
its construction ; and that form of this engine is to be preferred 
which in the greatest degree unites these qualities. The figure 
on page 151 represents Tuft's stationary steam -engine,f with sec- 

» The apparatus of aafety-valvea and olher appliances for the man^o- 



upon the subject 

t This en^se waa conslrQcled by Mr. Otis Tufts of East Boston, Mas- 
sachusetts. It is the engina used to propel the maohiueiy ut the late Fair 
of (he MasaaehusBtts Mechanic Association, where it was very highly and 
justly comniouded for its beauty and simplicity of coustructioii, and the 
perfectly " naisekse tenor of its vtay." The figure which represents it 
is an electrotype copy of a steel plate, designed by Brown & Harbrys. 
under the direction of Mr. Tufte. The electrotype copy was taken by 
Mr. A. Wilcox, Wasbington-atreet, Boaton. The electrotype process will 
bs uoliced in a subsequent page of this volume. 
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tions of the interior. Lite the double-^iotlng condoD^ing engino 
of Mr. Watt, described in Fig. 94, it is furnished with a gnvenior, 
by which the supply of steam is regulated ; and like the loco- 
motive. Fig. 95, the cylinder with its piston has a horizontal posi- 
tion. The steam is admitted into the yalve-box through an aper- 
ture at E, in the section, and from thence passes into the cylinder 
through a shding-valve, alternately to each side of the piston P, 
as is represented by the direction of the arrows, the slidmg-valve 
heing moved by the rod V, communicating with an " eccentric" 
apparatus attached to the axis of the fly-wheeJ. The direction 
of the current of steam to the valve-box is represented by the 
arrow at I, and its passage outward from the cylinder, after it 
has moved the pbton, is seen at 0. In this engine there is no 
working-beam as in Watt's engine, Fig. 94, but the motion is 
communicated froni the piston-rod to a crank connected with 
the fly-wheel, which, turning the wheel, will move all ma- 
chinery connected eitJier with the axis or the circumference of 
that wheel. 



CHAPTER X. 



192. Optics is the science which treats of light, of 
colors, and of vision, 

1. The science of optics divides all substances into the 
following classes ; namely, luminous, transparent, and translu- 
cent ; reflecting, refracting, and opaque. 

2. Luminous bodies are those which shine by their own light ; 
such as the sun, the stars, a burning lamp, or a fire. 

3. Transparent substances are those which allow Kght to 
pass through them freely, so that objects can be distinctly 
seen through them ; as glass, water, air, &c. 



192. Of wh^t dots Optics 
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i. Tnmslucenl bodies are those which pe.mit a poition. of 
light to pass through tliem ; but render the object behind 
tkem indistinct; as horn, oiled paper, colored glass, rfec. 

5. Reflecting substances are those which do not pei-mit light 
to pass tlirougb them; but throw it off in a direction more or 
leaS oblique, according as it falls on the reflecting surface ; as 
polished steel, looking-glasses, polished metal, &c. 

0. Refracting substances are tbose which turn the light 
fjom its course, in its passage through them ; and opaque sub- 
stances are those which permit no light to pass through tkera ; 
as metals, wood, &c, 

7. It is not known what light is. Sir Isaac Kewton sup- 
posed it to consist of exceedingly small particles, moving from 
luminous bodies; others think that it conasts of the undula- 
tions of an elastic medium, which fills aU space, These undu- 
lations (as is supposed) produce the sensation of light to the 
eje, in the same manner as the vibrations of the air produce 
the sensation of sound to the ear. The opinions of philosophers 
at the pT'esent daj' are inclining to the undulatory theory. 

193. A ray of light is a single line of light proceeding 
from a luminous body. 

194. Rays of light are said to diverge when they 
separate more widely, as they pro- F:g. as. 
ceed from a luminous body. 

Fi^. 96 represents the rays of light di- 
verging as they proceed from the lumi- 
nous body, from F to D. 

195. Rays of iight are called converging when they 
approach each other. The point at 

which converging rays meet is called —-^'^ ' 

the focus. ~ ^^^^ T~im i 

Fig. 97 represents converging rays of ^^^^^^^^^ 
light, of which the point F is the focus. 

Give an eiample of a trauaparaut body. What sre tranBluceiit bodits? 
GjvB an oianiple of a translucent body. What are reflecling eubstaiicea? 
Give an exaaipla of a refiecling body. What are refracting eubetanoesT 
What are opaque eiihstaaces 1 What is light? What did Sir Isaac New- 
ton Euppo^ it to be! What other opinions hare been formed caneeroingil? 

193. What ie a ray of light? 

194. Wlien are rays of light Eud to diverge? What does Fig. 9G rop- 
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196. A beam of light consists 
of maoy rays running in p 
lines. 

Fig. 98 represents a beam of light. 

197. A pencil of rays is a 
collection of diverging or converging rays. 

198. A medium is any substance, solid or fluid, 
through which light can pass ; as water, glass, air, &c, 

199. The rays of light which issue from terrestrial 
bodies, continually diverge, until they meet with a re- 
fracting substance ; but the rays of the sun diverge so 
little, on account of the immense distance of that lumi- 
nary, that they are considered parallel. 

200. Light, proceeding from a luminous body, is pro- 
jected forward in straight lines in every possible di- 
rection. It moves with a rapidity but little short of 
200,000 miles in a second of time. 

301. Every point of a luminous body is a centre, 
from which light radiates in every direction, Rays 
of light proceeding from different bodies, cross each 
other without inte " 



S02. A shadow is the darkness produced by the in- 
tervention of an opaque body, which prevents the rays 
of light from reaching an object behind the opaque 
body. 

Shadows are of different degrees of darkness, because the 
light from other luminous bodies reaches the spot where the 

195. When are raya of light called converging? What is the point, al 
which eonverging rays meet, called I 

196. What is a beam of light? What does Fig. 98 reproaeat? 

197. What is a pencil of lightf 

198. What is a medium? 

199. In what manner do the rays of light proceed from lerrestrial bodies? 
In what kind of lines do lliB rays of light proceed from the sun ? 

200. la what way Is light projected forward from any luminous body? 
With what rapidity does it move ? 

301. From what point, in a luminous body, does light m.liale? 
aoa. How is a shadow produood? Why are shadoiVH of dliiorent de- 
grees of darkness? 
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shadow is formed. Thus, if a shadow be formed when two 
candles are burning in a room, thiit shadow will be both 
deeper and darker if one of the candles be eilioguished. The 
darkness of a shadow is proportioned to the intensity of the 
light, when the shadow is produced by the inten-uption of the 
rays from a single luminous body.* 

303. When a luminous body is larger than an opaque 
body, the shadow of the opaque body will gradually 
diminish in size till it terminates in a point. The form 
of the shadow of a spherical body p^ ^ 

will be that of a cone. 

Fig. 99. A represents the sun, and 
B the moon. The sun, being much 
larger than the moon, causes it to 
cast a converging shadow, which terminates at E. 

204. When the luminous body is smaJIer than the 
opaque body, the shadow 
of the opaque body grad- i 
ually increases in size 
with the distance, with- 
out limit. 

In Fig. 100 the shadow i 
of the object, A, increases ] 
m size at the different dis- 
tances, B, C, D, E, or, in other words, it constantly d 

205. When several luminous bodies shine upon the 
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To what is the darkness of a shadow proportioned, when the shadow is 
produced by the interruption of the raya from a single inminoua body t 

a03. What is said of (he shadow of the opaque body when the luminous 
body is the larger? Enplain Fig. 99. 

204. What is said of the ehadow of the opaque body when the Inminons 
body ie the smaller ? Explain Fig. 100. 

205. How many Bhadows are prodnoed whfti several luminous bodies 
shine apon the saiiie object? 
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same object, each one will 
produce a shadow. 

Fig. 101 represents a I all 
A, illuminated by the three 
candles, B, C, and D. The 
light B produces the shadow 
h, the light C, the shadow <■ 
and the light D, the shadow 
d ; but as the light from each 
of the candles shines upon all 
the shadows, except \\k own 
the shadows will be faint. 

206. When rays of light fal! upon an opaque body, 
part of them are absorbed, and part are reflected. 

Light is said to he reflected when it is thrown off from the 
body on which it falls ; and it is reflected in the largest quan- 
tities from'the most highly polished surfaces. Thus, although 
most substances reflect it in a degree, polished metals, looking- 
glasses, or mirrors, &c., reflect it in so perfect a manner as to 
convey to our eyes, when situated in a proper position to re- 
ceive them, perfect images of whatever objects shine on them, 
either by their own, or by borrowed light. 

207. That part of the science of Optics which relates 
to reflected light, is called Catoptrics. 

208. The laws of reflected light are the same as those 
of reflected motion. Thus, when light falls perpen- 
dicularly on an opaque body, it is reflected back in the 
same line, towards the point whence it proceeded. If 
it fall obliquely, it will be reflected obliquely in the op- 
posite direction ; and in all cases the angle of incidence 



Explain Fig. 101. 

a06. Wh&t is the consE 
body which they cauiiot ] 

207. What are Calopti 

908. By what laws is light governed 1 How 
falls perpendicularly on an opaque body f Haw ie 
obliquely ^ How do the angles of incidoncs aad refleclion compare v 
each other? By what light are opaque objects seen? By what light 



1 when rays of light fall upon an opaque 
What is meant by the roflectioii of liglit? 
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will be equal to the angle of reflection. This is tlie 
fundamental law of Catoptrics, or reflected light." 

Opaque objects are seen only by reflected light. Luminous 
bodies ai'e seen by the rays of light wbicii they send directly 
to our eyes. 

209. All bodies absorb a portion of the light which 
they receive ; therefore the intensity of light is diminish- 
ed every time that it is reflected. 

" The angles of incidence and reflection have already been described 
under the head of Mechanica;but as all the pheuomenH of reQected light 
depend upon the law stated above, and a clear idea of these angles in ne- 
cessary in order to uuderHtaud (he law, it is deemed expedient to repeat 
in this conneiion the explanation already given. 

An incident ray ia a ray proceeding lo, or falling on any surface ; and 
a reflected ray is the ray which proceeds /rom any reflecting surface. 

Fig. 102 is doagned to show the angles of inci- 
dence and of reflection. In this figure M A M is a „ I'lg 'oa- _ 
mirror, or reflecting surface. P ia a line perpendic- . 
ular to the surface. I A represents au incident ray, 
falling on the mirror in euch a maoner as to form, 
with the perpendicular P, the angle I A P. This is 
called the angle of incidence. The line RA is to 
be drawn on ihe other side of P A in such a manner 
as to have the eatne iucliuation with FAaslA 
has; that is, the angle RAP is equal to lAP. 
The line R A will then ^ow tJie eouree of the re- 
flected ray ; and the angle RAP will be the angle of reflscUon. 

From whatever surface a ray of light is reflected, whether it be a plain 
surface, a convex surface, or a concave surface, this law invariably pre- 
vails; Eo that if we notice the inolinatiou of any incident ray, and the 
situation of the perpendicular to the surface on which it falls, we can al- 
ways determine in what manner, or lo what point it will be reflected. 
This law explains the reason why, when we are standing on one ade of a 
mirror, we can aee the refleclion of objects on the opposite side of the 
room, but not those on the same side on which we are standing. It also 
explains the reason why a person can see his whole figure in a mirror not 
more than half of his height. It also accounts for all the apparent pecu- 
liarities of the reflection of the diflerent kinds of mirrors. 



Explain the angles of incidence and reflection. 

applicable 10 all kinds of surfaces T Explain ita appli 

209. Why is the intensity of light dimiiushed ever; 



iciple 
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SIO. Every portion of a reflecting surface reflects an 
entire image of the luminous body shining upon it. 

1. When the sun or the moon shines upon a sheet of water, 
every portion of the surface reflects an entire image of the lu- 
luinary; but as the image can he seen only by reflected rays, 
and as the angle of reflection is always equal to the angle of 
incidence, the im^;e for any point can be seen only in the re- 
flected ray prolonged. 

2. Objects seen by moonlight appear fainter than when seen 
by daylight, because the light by which they are seen has been 
twice reflected; for, the moon is not a luminous body, but its 
light is caused by the sun shining upon it. This light, reflect- 
ed from the moon and falling upon any object is again reflect- 
ed by that object. It sufiers, therefore, two reflections ; and 
since a portion is absorbed by each surface that reflects it, the 
light must be proportionally fainter. In traversing the atmo- 
sphere, also, the rays, both of the sun and moon, sufier diminu- 
tion ; for, although pure air is a transparent medium, which 
transmits the rays of hght freely, it is generally surcharged 
with vapors and exhalations, by which some portion of light 
is absorbed. 

211. All objects are seen by means of the rays of 
light emanating or reflected from them ; and therefore 
when no light falls upon an opaque body it is invisible. 

This is the reason why none but limiinous bodies can be 
seen in the dark. For the same reason, objects in the shade, 
or in a darkened room appear indistinct, while those which are 
exposed to a strong light can be clearly seen. 

212. When rays of light, proceeding from any object, 
enter a small aperture, they cross one another and form 
an inverted image of the object.* 

• This is a necessary conaequenee of the law that light always moves 



910. Does every portion of a reflecting surface reflect an entire image 
of the luminous liody shining upon it? When the sun or moon shines upon 
a sheet of water, why do we not see an image reflected from every portion 
of the surface? Why do objects, seen by moonlight, appear fainter than 
whan seen by dayh^t? By what light does the moonshine? Wh sit ab- 
sorbs some of the raya of light in traversing the atmosphere ? 

311. How are all objects seen I Why can none but liiminoug bodies be 
seen In the dark? 
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Fig-. 103 represents the rays from an object, ac, 
an aperture. The ray from a passes down 
through the aperture to d, and the ray from 
c passes up to 6, and thus these rays, cross- 
ing at the aperture, form an inverted image 
on the wall. The room in which this ex- 
periment is made should be darkened, and 
no light permitted to enter, excepting through 
the aperture. It then becomes a camera 
obscura.* 

213. The angle of vision is the angle formed at the 
eye by two lines drawn from opposite parts of an ob- 
ject. 

1. The angle C, in 
Fig. 104, represents 
the angle of vision. 
The line A C proceed- 
ing from one extremi- 
ty of the object meets 
the line BC proceeding 
from the opposite ex- 
tremity, and forms an i 
of v ■ 




2. Fi^. 105 
lame object, at different 



igle C at the eye; — this is the angle 

the different angles, made by the 
From an inspection of the 



* These words signify a dariened chamher. In the future description 
which will te given of the eye, it will bs seen that the camera obscura is 
ooHslrueled on the same principle as the eye. If a convex lens be placed 
in tho aperture, an Inverted picture, not only of a single object, but of the 
entire landscape, will be found on the wall. A portable camera obecura is 
made by udmitting the light, into a box of any size, through a convox 
lens, which Ihrowa the image upon an inclioed mirror, from whence it is 
leflpcted upwards to a plate of ground glass. In this manner a beautiful 
but diminialied image of the landscape, or of any gronp of objecta, is pre- 
sented un the ptate in an erect position. 

219. Wbat kind of an image ia formed when rays of light, proceeding 
from an obiect, enter a small aperture? Illustrate this by Fig. 103. What 

Q13. How is the angle of vision formed? Explain Fig. 104. What 
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figure it is evident, that the nearer an 

object ia to the eye, the wider must ^'e- los- 

be the opening of the hues to admit ^ d , 

the extremities of the object; and, ,,^^3::=^^i — 3- 

consequently, the larger the angle ^^5--~. I I 

under which it is seen ; and, on tJie ^r^^J~"--J 

contrary, that objects at a distance ^ ^ 

■will form small angles of vision. Thus, 

in this figure, the three crosses, F G, D E, and A B, are all of 

the same size ; but A B, being the most distant, subtends the 

smallest angle* A C B, while D E and F G, being nearer to the 

eye, situated at C, form respectively the latter angles, D C E 

and F C G. 

214. When an object, at any distance, does not sub- 
tend an angle of more than two seconds of a degree, it 
is invisible. 

At the distance of four miles a man of common stature will 
thus become invisible, because his height at that distance will 
not subtend an angle of two seconds of a degree. The sine of 

• The appareut size of an object depeoda upon the size of the angle of 
vision. But we are aooustomed to correct, by experience, the fallacy of 
appearances ; and, therefore, since we know that real objecte do not vary 
in size, but that (ho angles under which we see them do vary with the 
distance, we ale not deceived by the vaiiatiouB in the appearance of ob- 
jSCtB. Thus, a house at a. distance appears absolutely smaller than the 
window through which wo look at it; otherwise we could not see it 
through the window ; bat our knowledge of the real size of the house pre- 
vents our alluding to its apparent magnitude. In Fig. 104 it will be seen 
tiiatthe several crosses, AB, DE, FG, and HI, although very difFetetit ia 
size, oa account of their different distances, subtend the same angle A C B ; 
they, therefore, all appear to the eye to be of the same size, while, in Fig. 
105, the three objects AB, DE, and FG, although of the same absolute 
size, are seen at a ditTerent angle of vision, and th?y, therefare, will seem 
of difiaront sizes, appearing larger as they approach the eye. 

It is upon a correct observance of the aagtt of visionlhat the art of per- 
epec^ve drawing is indebted for its accuracy. 

What efiect has the nearness of the object to the eye, on the anglot 
Illustrate this by the figure. Upon what does tho apparent size of an ob- 
ject depend? Why do objects appear so large? To what u9 the arte, 
perspective drawing indebted for its accuracy? 

2\i, How large an angle must a body subtend to be visible} 
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the apparent diameter of the heiiyenly bodies is generally 
stilted by the angle wliieh tbey subtend. 

215. When the velocity of a moving body does not 
exceed twenty degrees in an hour, its motion is imper- 
ceptible to the eye, 

1. It is for this reason that the motion of the hearenly bodies 
is invisible, notwithstanding their immense velocity. 

2. The real velocity of a body in motion ro nd a point, de- 
pends on the space comprehended in a degree. The more 
distant the moving body from the centre, 

or, in other words, the larger the circle *^- ^™- 

which it has to describe, the larger will be ^ 

the degree. _,.- A a 

3. In Fig. 106, if the man at A, and the ,--'' ^ 
man at B, both start together, it is manifest /' Mq 
that A must move more rapidly than B, to /' 

arrive at C at the same time that B reaches .' / | 
D ; because the arc A C is the arc of a o j> |^ g 
larger circle than the arc B D. But to 
the eye at E, the velocity of both appears to be the same, be- 
cause both are seen under the same angle of vision. 

216. There are three kinds of mirrors,* namely, the 
plain, the concave, and the convex mirror. 

Plain mirrors are those which have a flat surface, 
such as a comrnon looking-glass ; and they neither 

■ A mirror is a smooth and polislied eurrace, that forma images by ths 
refiectJon of the rays of lights Minora (or lookiug-glaasee) are made of 
glass, with tho back covered with an amatgam, or mixtitie of mcrciir}' and 
tinfoil. It is the smooth and bnght surface of the mercury that refincls 
the rays, the glass actiug only as a transparent case, or covering, through 
which the rays find an easy passage. Some of the rays are absorbed in 
Ihoir passage through the glass, because the purest glass is not free from 
imperfections. For this reason, the best mirrors are made of iiue and 



916. When is the motion of a body invisible 7 Why is the motion of 
the heaveiiiy bodies invisible? Upon what doea tho real velocity of a 
body, in motion round a point, depend? Enpiaiii Fig. 106. Why does 
the velocity of both, to an eye at E, appear to be the same ? 

316. How many itiuds of mirrors are there? What are plain mirrors I 
Do they magnify or diminish the object ? 



>n IV Google 



magnify nor diminish the image of objects reflected 
Irom them. 

A convex mirror is a portion of the external surface 
of a sphere. Convex mirrors have therefore a convex 
surface. 

A concave mirror is a portion of the inner surface oi 
a hollow sphere. Concave mirrors have therefore a 
concave surface. 



In Fig. lOY, M N represents 


both 


a convex and a concave 


mirror. They are both a portio 


lofa 


sphere of which is the 


centre. The outer part 






of MN is a convex, and 




FU. iw. g 


the inner part is a concave 




A 


mirror. Let AB, CD, EF, 


^ 


~~~^ / L^ ^ 


represent rays falUng on / 
the convex mirror Si N. / 
As the three rays are ( 




M^ />'■'; J 


.--'^ \ 






paraUel, they would all be \ 




^ ^ 


perpendicidar to a plane \ 




^^■^ \">^ 


or flat mirror ; but wi ray 


^ 


nT^^t 



can fall perpetuiieularly 
on a concave or convex mir- 
ror, which is not directed towards the centre of the sphere of wkich 
the mirror is a portion. For this reason tiie ray C D is perpen- 
dicular to the mirror; while the other rays AB and KF fall 
obliquely upon it. The middle ray therefore falling perpendicu- 
liirly on the mirror, will be reflected back in the same line, 
while the two other rays falling obliquely will be reflected 
obliquely ; namely, the ray A B will be reflected to Q, and the 
ray E F to H, and tlie angles of incidence A B P and EFT 
will be equal to the angles of reflection P B G and T F H, and 
since we see objects in the direction of the refected raps, we sliall 
see the image at L, which is the point at which the reflected 
rays if contiaued through the mirror would unit* and form the 
image. This point is equally distant from the surface, and the 
centre of the sphere, and is called the ima^nary focus of the 
mirror. It is called the imaginary focus, because the rays do 



What 



ill Fig. 107, which part of : 



Expliiln the figuro. 
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not really unite at that point, but only appear to do so ; for 
tlie rays do not pass tlirough the mirror, since they are reflect- 
ed by it. 

317. The image of an object reflected from a convex 
mirror is smaller than the object. 

This is owing to the divergence of the reflected rays. A 
convex mirror converts, by rejection, parallel rays into divergent 
rays ; raya that 
fall upon the mir- 
loj dnergent 
leri leieri ilill 



\ergpnt rays are 
reflected eilher 
panlM .r kss 
Lon\Lrg. nt It 
then \n ohjpct 
A B be plaied 
before anj p irt 

ror the two rays A and B_proceeding from the extremities, 
fillin^' convergent on the mirror, will be reflected less con- 
iero;eiit ind wdl not come to a focus until they arrive at C ; 
then in eye placed m the direction of the reflected rays will 
see the image formed in (or rather behind) the mirror at a 6 ; 
ani as the imf^ is seen under a smaller angle than the object, 
it will appear smaller thaa the object. 

218. The true focus of a concave mirror is a point 
equally distant from the centre and the surface of the 
sphere, of which the mirror is a portion. 

210. When an object is further from the concare 
mirror than its focus, the image will be inverted ; but 
when the object is between the mirror and its focus. 




217. How does tho imaga of an object reflected from a conyei mirror 
compate with the object 7 Giro the illuetration. 

318. What k the focus of a concave mirror? 

219. When an object is further from the concave mirror than the foetiB, 
how wilt the image appear? When the object ia between the mirror and 
(he focus T 
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the image will be upright, and grow larger in proportion 
as the object is placed nearer to the mirror.* 

220. The image reflected by a concave mirror is lar- 
ger than the object, when the object is placed between 
the mirror and its focus.f 

1. This is owing to the convei^ent property of the concave 
mirror. If the object AB be placed between the concave 

cus f, the rays A 
and B from its es[- 
tremilies will fall 
divergent on the 
mirror, and, on 
being reflected, 
become less di- 
vergent, as if they 
proceeded from 
C. To an eye 
placed in that sit- 

• Concave mirrors have the peculiar property of forming images in the 
air. The mirror and the object being eonoealed liflhind a screen, or a wall, 
and the object belug Btron^y iiluminated, the rays from the object fall 
upon the niirror, and are reflected by it through an opening in the ecrooo 
or wall, forming an image iu the air. Showmen have availed themaelves 
ot this property of concave mirrors, in producing the appearance of appa- 
ritions, which have terrified the yoitng aad the ignorant The^ images 
have been presented with great distinctnces and beauty, by raising a fine 
transparent cloud of blue emohe, by means of a chaling-di9h, around the 
focus of a largo concave mirror. 

t There are three cases to be considered with r^ard to Ihe effects of 

1. When the object a placed between Ihe mirror and the prindpat 

2. When it is situated between its centre of concavity and that focus. 

3. When it ia more remote than the centre of concavity. 

1st. la the first case, the rays of light dii"^ng after reflection, but in a 

How must the object be placed that the image may appear upright? 
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C, the image will appear magnified betind the minor, at a h, 
siaiie it is seen under a larger angle than tlie ohiect. 

'>.. The following facts result from the operation of the law 
already stated as the fundamental law of Catoptrics, namely, 
that the angles of incidence and reflection are always equal. 

3. Ill estimating these angles, it must be recollected, that no 
line is perpendicular to a convex or concave mii-ror, which will 
not, when sufficiently prolonged, pass through the centre of the 
spliere of which the mirror is a portion. 

4. The truth of these statements may be illustrated by simple 
drawings ; always recollecting, in drawing the figures, to make 
the angles of incidence and reflection equal. The whole may 
also be shown by the simple experiment of placing the flame 
of a candle in various positions, before both convex and concave 



FACTS WITH REGARD TO CONVEX MIRRORS. 

1. Parallel rays reflected from a convex surface, are made 
to diverge. 

tflSB deTree than before each reflectioQ took place, the image will be larger 
than tho object, and appear at a greater or amaller distance from the sur- 
face of the mirror, and behind it The image in this case will be erect. 

3d. When the object is between the principal focus and the centre of the 
mirror, the apparent image will be in front of the mirror, and beyond ths 
centre, appearing very distant when the object is at or ju»t beyond the 
Jbcu^T and advancing towards it as it recedes towards the centre of con- 
cavity, where, as already stated, the image and the abject will coincide. 
During the retreat of the object, the image will still he inverted, because 
the rays belonging to each visible point will not iulerBeet before they reach 
the eye. But in this case, l^e image becomes less and lets distinct, at the 

rather a little before, the image becomes confused and imperfect, owing to 
llie small parts of the object subtending angles too large for distinct yiMon, 
just as happens when objects are viewed too near with the naked eye. 

3d, In the cases just considered, the images will appear erect; but In the 
case where the object is further from the mirror than its centre of eon- 
cavity, the image will be mverted. The more distant Che object is from 
the centre, the l^s will be its Image ; but the image and object will coiu- 
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2. Diverging rays reflected from a convex surface, are made 
more diverging. 

3. Wlieu converging rays tend towards the focus of parallel 
rays, they will become parallel when reflected from a convex 
surface. 

4. Wlieti converging rays tend to a point nearer the surface 
than the focus, they will converge less when reflected from a 
CONVEX surface. 

5. If converging rays tend to a point between the focus and 
the centre, they will diverge as from a point on the other side 
of the centre, farther from it than the point towards which 
they convei^ed, 

G. If converging rays tend to a point beyond the centre, 
tliey will diverge as from a point on the contrary side of the 
centre, nearer to it than the point towards which they con- 

1. If converging rays tend to the centre, when reflected, they 
will proceed in a direction as far from the centre. 



FACTS WITB REGARD TO CONCAVE MIRRORS. 

1. Parallel rays, reflected from a concave surface, are made 
convej^ng. 

2. Converging rays, falling upon a concave surface, are 
made to converge more. 

3. Diverging rays, falling upon a concave surface, if tbey 
diverge from the focus of parallel rays, become parallel. 

4. If from a point nearer to the surface than that focus, they 
diverge less than before reflection. 

5. If from a point between that focus and the centre, they 

What ia said of patallel rays 7 What Is eaid of divergiug rays 7 What 
is Baid of converging rays, when they tend towards the focus of parallel 
rays 7 What is said of converging raye, whea they tend to a point nearer 
the Burfaoo than (h« focxia? What is said of converging rays, when they 
tend to a pouit between the focus and the centre ) What la said of con- 
verging raya, when they tond to a point beyond the centre) What ia 
B^d of converging rays, when they tend to the oentr67 

What is said with regard to parallel rays, when reflected from a con- 
cave surface T What is s^d of converging rays? What Is said of di- 
verging raye, If they diverge from a focus of parallel rays) What, if from 
a point oeorer to the surface than that focus 7 
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converg-e, after reflection, to some point on the contrary side of 
the centre, and farther from the centre than the point from 
whicli they diverged. 

6. If from a point beyond the centre, the reflected rays will 
converge to a point on the contrary side, but nearer to it than 
the point from which they diverged. 

V. If from the centre, they will be reflected thitiier again.* 

REFRACTION OF LIGHT. 

221. That part of the science of Optics which treats 
of refracted light is called Dioptrics. 

222. By the refractiont of light is meant its being 
turned or bent from its course ; and this always takes 
place when it passes obliquely from one medium to 
another. 

223. By a medium,J in Optics, is meant any substance 
through which light can pass. Thus, air, glass, water, 
and other fluids, are media. 

• Concave minora, by Che property which they posaesa of cauain^ par- 
allol rays to converge to a. fooue, are sometimes used »s burning-glasses. 
M. Dufay made a concave mirror of plaster of Paris, gilt and burnished, 
SU inches in diameter, with which he set fire to tinder at the distance of 
50 feeL But the most remarkable thing of the kind on record, is the com- 
pound mirror constructed by Bufliin. He arruiged 16B small plane mirturs 
in euch a manner as to reflect radiant light and heat to the same focus, 
like one largo concave mirror. With this apparatus, ho was able to set 
wood on fire at the distance of 309 feet, to mett lead at lOD feet, and Bilver 
at 50 feet. 

t The power of being refracted is called TefrangiUiity. 

X The plnral number of this word is media, although mediumt is some- 
times tised. A medium is called dense or rare, in optics, according to its 
refractive power, and nut according to its speciiic gravity. Thus, alcohol, 
end many of the essential oils, although of less specific gravity than water. 

What, if from a point between that focus and the centre 7 If from b. 
point beyond the centre ? If &om the centre ? 
221. What is Dioptrics? 
323. What is meant by the refraction of light? When does this take 

223. What is a medium, in Optics? Give some examples of media. 
Note. In what proportion is a mediuni dense or rare? 
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224- There are three fundamental laws of Dioptrics, 
on which all its phenomena depend, namely : 

1st. When light passes from one medium to another, in 
a direction perpendicular to the surface, it continues on 
in a straight line without altering its' course. 

2d, When light passes in an oblique direction, from a 
rarer to a denser medium, it will be turned from its 
course, and proceed through the denser medium less 
obliquely, and in a line nearer to a perpendicular to its 
surface. 

3d. When hght passes from a denser to a rarer medium, 
it passes through the rarer medium in a more oblique 
direction, and in a line further from a perpendicular to 
the surface of the denser medium 

1 In Fig 110, the line AB lepre ^ ^g 

seats a ray of light paasine from ait into e 

water, in a perpendicular diteclion Ac 
cording to the first law, stated above, it 
will continue oa in Ihe sirae hne th ough 
the denser medium to K If the ray 
werL to pass upw d 1h ough tl denser 
medium the wat u tl e sam parpen 
dieulir direction to th by the same 

law it would also nt n the same striught line to A. 

2. But if the y p d f m a rarer to a denser medium, 
in an oblique di t m C to B, when it enters the 
denser medium i wJl n t nt n on in the same straight line 
to D, but, by the second law, stated above, it will be refracted 
or bent out of its course, and proceed in a less oblique direction 
to F, which is nearer the perpendicular ABE than D is. 

3. Again, if the ray proceed from the denser medium, the 

have a. greater reftaolillg power, and are, therefore, called dcoBBt media 

m the order of their refractive power, or, ia other words, in the order of 
their density, as media ; the last-nieutloiied being the denaest, and the lirst 
the rarest, namely; air, ether, ice, water, alcohol, alum, olive oil, oil of 
turpf;ntine, amber, quarti, glass, melted sulphur, diamond. 

224. What are the three fundamental laws ot D.optrios? Illuslrat^ the 
lirit Isw by the line A B, in F\y. 110. Illuetrate the aeeoad taw by the 
line C B. Illustrate the third luw by the line FB. 
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water, to the rarer medium, the aif, namely, from F to B, — 
instead of pursuing its straight ouurse to G, it will be refracted 
according to the third law above stated, and proceed in a more 
oblique direcfioa to C, which b further from the perpendicular 
E B A than G is. 

4. The refraction is more or less in all cases in proportion 
as the rays fall more or less obliquely on the refracting sur- 

5. From what has now been stated, with regard to refrac- 
tion, it will be seen that many interesting facts may he explain- 
ed. Thus, an oar or a stick, when partly immersed in water, 
appears bent, because we see one part in one medium, and the 
ather in another medium : the part which is in the water appears 
tiigher than it really is, on account of the refraction of the 
denser medium. 

6. For the same reason, when we look ohliquely upon a body 
of water it appears more shallow than it really is. But when 
wc look perpetulmdarly downwards, we are Uable to no such 
deception, because there wiU be no refraction. 

7. Let a piece of money he put into a cup or a bowl, and 
the cup and the eye be placed in such a position that the ^de 
of the cup will just hide the money from the sight ; then keep- 
ing the eye directed to the same spot, let the cup be filled with 
water, — the money will become distinctly visible. 

225, The refraction of light prevents our seeing the 
heavenly bodies in their real situation,* 

* There is another reoBon, also, why we do Dot see the heaTenlj hodies 
ill their true situation. Light, though it move with great velocity, is about 
eight and a half minutes in tta passage from the sun to the earth, so that 

d^'parture ; yet we see him in the direction of those rays, and, cousequejjt- 
ly, in a ratuation which he ahandoued eight minutes and a half before. The 
refraction of iight doea not affect the appearance of the heavenly bodies 
when they are vertical, that is, directly over our heada, because the ray« 
then pass vertically, a direction ineompa.tible with refraction. 



In what propo 

does the part wh 
docaabodyof« 
really (8? In w 
What esperiiiiev 
295. Why do 


ik,. 

lich 

hat 


ndoes 
ivhen 

r, whe 
direoti 
herer 


the refraction increase or diminish ? Why dof B 

partiy immersed in water, appear bent ? Why 

lis water appear higher than it really is? Why 

u viewed obiiqiieiy, appear more shallow than it 

oil can we iook so aa to cause no refraction 1 

elated? 

e tlie heavaiiiy Iwdies in their real situatiooT 



,t.o<,gle 



170 NATURAL PHILOSOPHY, 

The light which they send to us is refracted in passing 
through the atmospheie, and ive see the sun, the stars, &c., in 
the direction ot the refracted ray. In consequence of this at- 
mospheric refraction the sun sheds his hght upon us earlier in 
the morning and later in the evening, than we should otherwise 
percdve it. And when the sun is actually below the horizon, 
those rays which would otherwise be dissipated through space, 
are refraeted hy the atmosphere towards the surface of the 
earth, causing twilight. The greater the density of the air the 
higher is its refractive power, and, consequently, the longer the 
duration of twilight. 

226. When a ray of light passes from one medium to 
another, and through that into the first again, if the two 
refractions be equal, and in opposite directions, no sen- 
sible effect will be produced. 

This explains the reason why the refractive power of flat 
window-glass produces no effect on objects seen through it. 
The rays suffer two refractions, which, being in contrary di- 
rections, produce the same effect as if no refraction had taken 
place. 

227. A lens is a glass, which, owing to its peculiar 
form, causes the rays of light to converge to a focus, or 
disperses them according to the laws of refraction. 

It may here alea be remarked, thai it is entirely owing to the reflection 
of the atmocpliere tlial (he heavens appear briglit iu the daytime. If the 
atmosphere had no reflective power, only that pari would be luminoue in 
which the sun is placed ; and on turning our back to the sun, the whole 
heavens would appear as dark ea in the night ; we should have no twi- 
light, but a sudden transition from (he brightest aunahiue to darkuesB, im- 
mediately upon the setting of the aun. 

In what direction do we see them? What causoB twilight? Upon 
what does the duration of twilight depend ? What other roason is given, 
in the note, why we do not see the lieavonly bodies in their true situation 1 
When does the refraciion of light not affect the appearance of the heaven- 
ly bodies? Why do the heavens appear bright in the daytime? 

SQ6. What efiect is produced when a ray of light pafsee from one mo' 
dium to another, and through that into tlie first agiun? Why does (ho 
refractive power of flat window-glass produce no effect on objoots seen 
through il? 

327. WhatiBaleus? 
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There are various kinds of lenses, named according 
to their focus ; but they are all to be considered as por- 
tions of the internal or external sutface of a sphere 

1. A single con 

vex lens has one "ide m iii 

flat and the other 
convex ; ■as A m Fig 

in. 

2. A singlt 

one side and C' 
on the other, a 
Fig. 111. 

3. A double convex Ipns is codtlx oa both sides ^s C, 
Vig. 111. 

4. A double concave kns i'! com ave rn both sides as D, 
Fig. III. 

5. A meniscus* la cinve^ on oni, sidp and cjul-hk on the 




other, as E, Fig 111 

6. The axis of a It 
thus, FG, Fig 111 

228. The pei'uliir foim of the vaiious kinds ol lenses 
causes the light which passes thiough them to be re- 
fracted from its course, according to the laws of Di- 
optrics. 

• The word meniscus \a deriveiJ from the Greek langaaga, and means 
literally a liItU mooit. This torm is applied to a concavo-convex lens, 
from its «inilurlty la a moon in its early appearance. To this kind of lena 
the term periacopic haa recently been applied, from the Greek langoage, 
moaning literally viewing on all iides. When the concave and convex 
sides of periECOpic glaseee are eveu or parallel, fiiey act db plane glasses ; 

or convex lenses, according as the concavity or the convexity is the greater. 

How are all lenses to be considered? What is a single convex leiifi? 
What ]iart of Fig. IJl representB a single convei lensl What is a Binglo 
concave lens? What part of Fig. Ill represents a single concave lena) 
What is a double convex Ions? What part of Fig. Ill represents a double 
convex lene? What is a double concave leas? What part of Fig. Ill 
reDresents a donhle concave ians? What is a ineniscosT What part of 
¥\g. Ill repre^nts a meniscus? What is the axis of a lensl What line, 
in Fig. in, reptesentH the axis of all the five lenses? 

2iiS. What Is stated with egard to the form of the leiisuB? 
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It will be remembered that, according- to these laws, light, 
in passing from a rarer to a denser medium is refracted to- 
wards the perpendicidar ; and, on the contrary, that in pass- 
ing from a denser to a rarer medium, it is refracted further 
from the perpendicular. In order to estimate the effect of a 
lens, we must consider the situation of the perpendicular, with 
respect to the surface of the lens. Wow, a perpendicular, to 
any convex or concave surface, must always, when prolonged, 
pass through the centre of sphericity ; that is, in a lens, the 
centre of the sphere of which tlie lens is a portion. By an at- 
tentive observation, therefore, of the laws above stated, and of 
the situation of the perpendicular on each side of the lens, il 
will be found in general, — 

1, That convex lenses collect the rays into a focns, and mag- 
tiijy ejects at a certain distawe. 

2. That concave lenses disj>ersi the rays, and diminish objects 
seen through them. 

229. The focal distance of a lens is the distance from 
the middle of the glass to the focus. This, in a single 
convex lens, is equal to the diameter of the sphere ot 
which the lens is a portion ; and in a double convex 
lens is equal to the radius of a sphere of which the lens 
is a portion. 

230. When parallel rays* fail on a convex lens, those 
only which fall in the direction of the axis of the lens are 
perpendicular to its surface, and those only will continue 
on in a straight line through the lens. The other rays, 
failing obliquely, are refracted towards the axis and will 
meet in a focus. 

' The rays of the Bun are considered parallel at the aurfflce of the earth. 

How is light refracted in passing from d rarer to a den=er medium' 
How, in passing from a denser to a rarer? \^hBt must bo connidpred in 
estimating the effect of lenses? Through what must a perpendicular to 
any convex or concave surface, alwavs, when prolong>d, paasl What is 
slated with regard to convex lenses? \Vhat, with regard lo oontave 
lenses T 

a lens! To what is this equal in a 



ir to its surface? Hew are the other rays, falling obliquely, refracted? 



,C.o<,glc 



OPTICS. 373 

It is this property of a convex lens ivhieJ: gives it its power 
as a buming-glfiss. All tlie parallel r:iys of the sun which pass 
through the glass, are collected together in the focus; and, 
consequently, the heat at the focus is to the common !ieai of the 
sun, as the area of Ike glass is to the area of the focus. Thus, if 
a lens, four inches in diameter, collect the sun's rays into a 
focus, at the distance of twelve inches, the image will not be 
more than one-tenth of an inch in diameter ; the surface of this 
little circle is 1600 times less tJian the surface of the lens, and, 
consequently, the heat will be 1600 times greater at the focus 
than at the lens.* 

231. The following effects result from the laws of re 
fraction. 

PACTS WITH KEGABD TO CONVEX SUHPACES. 

1. Parallel rays passing out of a rarer into a denser medium, 
through a CONVEX surface, will become converging. 

2. Diverging rays will be made to diverge less, to become 
parallel, or to converge, according to the degree of divergency 
before refraction, or the convexity of the surface. 

3. Oonverging rays, towards the centre of convexity, will 
suffer no refraction. 

4. Rays converging to a point beyond the centre of con- 
vexity, will be made more converging. 

" The following effecla were produced hy a large lene, or buriijng-glass, 
two feet ill diameter, made al Leipsic in 1691, Pieces of lead and tin 
were inetantly melted ; a plate of iron wae eoon reudered red-hot, and 
afterwarda fused, or melted ; and a burnt briek was oonverted into yellow 
glsse. A double coiirox lens, three feat in diameter, and weighing 212 
pounds, made by Mr. Parker, in England, melted the most refractory aub- 
EtancoB. Cornelian waa fuaod in 75 seoonde, a oryatal pebble in 6 aeconde, 
end a fnece of white agate in 3U socondB. Thia lens wae pieaented by the 
king of England to the emperor of China. 

What property of a convex lens ^ves it its power as a burning-glass ? 
Where are all the parallel raya of the sun, which pass through the glass, 
collected? HowdooB the heal al the focua compare with the common 
heat of the sun ? What is related in the note with regard to the effects of 
lenaea produced by bumlng-glasaeal 

231. What is the first effect related aa resulting from the laws of.re- 
froGtion with regard to oonvei surfaces ' What is eaid of diverging raysl 
What is said of rays converging towards the centre of convexity 7 Wliat 
of rays converging to a point beyond the ceulre of convexity? 
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5. Convei'gifig rays towards a point nearer the surface than 
the centre of convexity, will be ma,de less converging by refrac- 

[When the rays proceed out of a denser into » rarer medium, 
the reverse occurs in each case.] 

FACTS WITH REGARD TO 



1. Parallel rays, proceeding out of a rarer into a denser 
medium, through a concave surface, are made to diverge. 

2. Diverging rays are made to diverge more, — to sutfer no 
refraction, — or to diverge less, according as they proceed from 
a point beyond the centre, from the centre, or between the 
centre and the surface. 

3. Converging rays are made less converging, parallel, or 
diverging-, according to their degree of convergency before re- 
fraction.* 

[When the rays proceed out of a denser into a rarer medium, 
the reverse takes place ia each case.] 

232. Double convex, and double concave glasses, or 
lenses, are used in spectacles, to remedy the defects of 
the eye ; the former, when by age it becomes too flat, or 
loses a portion of its roundness ; the latter, when by 

* Tlie ahove eight principles are all the necessary ooiieequenoe of Ibo 
operation of the three laws moiitioiifid as the fundamental laws of Dioptrics. 
The reason that so many differBUt priaoiplea are produced by the operatioQ 
of those laws, is, that the perpendiculars to a convex or concave surface 
are constantly varying, so that uo two are parallel. But in flat enrfacos 
the perpoiidioulars are parallel j and one invariable result a produced by 
the rays when passing from a rarer lo a denser, or from a denser to a 
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OPTICS. 175 

any other cause it assumes too round a form, as in the 
case of short-sighted {or, as they are sometimes called, 
near-sighted) persons. Convex glasses are used when 
the eye is too flat, and concave glasses when it is too 
round.* 



333. The eye is composed of a number of coats, or 
coverings, within which are enclosed a lens, and certain 
humors, in the shape, and performing the office of con 
vex lenses. 



1. The different parts of the eye, t 



1. The Cornea. 

2. The Iris. 

3. The Pupil. 

4. The Aqueous Humor. 
6. The Crystalline Lens. 



The Vitreous Humor, 

7. The Retina. 

8. The Choroid. 

9. The Sclerotica. 
10. The Optic Nerve. 



Fig. MS. 




2. Fig. 112 represents a front 
view of the eye, iu which a a rep- 
resents the Cornea, or, as it is 
commonly called, the white of the 
eye ; e e is the Iris,+ having a cir- 
cular opening in the centre, called 
the pupil, p, which contracts in a 
strong light, and expands in a faint 
light, and thus regulates the quan- 
tity which is admitted to the ten- 
der parts in the interior of the eye. 



• These lenses or glasaeB are generally numbered, by opticians, accord- 
ing to tlieir degreo of convexity or concavity ; eo tliat by knowing tlie 
number that fits the eye, the purchafler can generally be aocomniodateii. 
without the trouble of trying many glasees. 

f It is the iris which gives the pecallar color to the eye. 

What glasses are used when the eye is loo flat 7 What are used when 

■333. or what is the eye composedl What are the different parts of 
theeyel First? Second) Third' Fourth 7 Fifth? Sixth? Seventh? 
Eighth? Ninth? Tenth? What does Fig. 119 represent? Explain Iha 



p^h, Google 



176 



.TLIRAL PUII-OSOFHy. 




D differ- 



3. Fig. 113 repreper.tsa 
view of tho eye, laid open, in 
which 6 6 repiesents the cor- 
nea, e e the iris, rf i? the pupil, 
// the aqueous humor, g g the 
oryslalline lens, h k the vitreous 
humor, iiiii the retina, cc 
the choroid, aaaaathe scle- 
rotica, and n the optic nerve. 

4. The cornea forms the 
anterior portion of the eye. 
It is set in the sclerotica in the 

same manner as the crystal of a watch is set in the i 
degree of convexity varies in different individuals and 
ent periods of life. As it covers the pupil and the iris, it pro- 
tects them from injury. Its principal ofRce is to cause the 
light which reaches the eye to converge to the axis. Part of 
the light, however, is reflected by its finely polished surface, 
and causes the brilliancy of the eye. 

6. Tlie iris is so named from its being of different colors. It 
is a kind of circular curtain, placed in the front of the eye to 
regulate the quantity of light passing to the back part of the 
eye. It has a circular opening ia the centre, which it involun- 
tarily enlarges or diminishes. 

6. The pupil is merely the opening ia the irii, through which 
the hght passes to the lens behind It js a,lwajs circular in 
the human eye, but m quadrupeds it is of different shape. 
When the pupil is expanded to it« utmost extent, it is capable 
of admitting ten times the quantity of light that it does when 
most contracted.* In uits <ind other animals which are said 

* When we come fr'm a dark plaie into a strong light, our eyes 
suffer pain, becHuse tlie pupil heiii^ expdndrd, admits a larger qnantity of 
light to rush in, before it has bad time to eontroot And when we go 
from a Btrong light into a faint one, wo at hcst im^ine onrselvea in dark- 
ness, because the pupil is then contracted, and does not inatanlty expand. 

What does Fig. 113 tepreeeutt Explain (he figure. What part of the 
eye dees tlie cornea form? Is its degree of conveKity the same in all per- 
sona and all perioda of lifeT What is its principal office? From what 
doea the iris take its name T What is the uau of the iris ^ What la the 
pupil? What is its form in the human eye? How much more light ia 
the pupil capable of admitting, when eipanded to its utmost extent, that. 
wbea most contracted 1 
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tt> h('B in the dark, the power of dilatation and contraction is 
mutli greater ; it is computed, that their pupils may receive 
one hundred times more light at one time than at another. 
That light only, which passes the pupil, can be of use in vision ; 
that which falls on the iris being reflected, returns through 
the cornea, and eshibits the color of the iris. 

7. The aqueous humor is a fluid, as clear as the purest 
water. In shape it resembles a meniscus, and, being situated 
between the cornea and the crystalline lens, it assists in collect- 
ings and transmitting the rays of light from external objects to 
that lens. 

8. The crystalline lens is a transparent body, in the form of 
a double conves lens, placed between the aqueous and vitreous 
humors. Its office is not only to collect the rays to a focus, 
on the retina, but also to increase the intensity of the light 
which is directed to the back part of the eye. 

9. The vitreous humor (so called from its resemblance to 
melted glass) is a perfectly transparent mass, occupying the 
globe of the eye. Its shape is Uke a meniscus, the convexity 
of which greatly exceeds the concavity. 

10. In Fig. 114 the shape of the Fig. lu. 
aqueous and vitreous humors and the 
crystafline lens is presented, a is the 
aqueous humor, which is a meniscus, b 
the crystalline lens, which is a double 
convex lens, and c the vitreous humor, 
which is, also, a meniscus, whose con- 
cavity has a smaller radius than its 

11. The retina is the seat of vision. The rays of light being 
refracted in their passage by the other parts of the eye, are 
brought to a focus m the retina, where an inverted image of the 
object is represented. 

12. The choroid is the inner coat or covering of the eye. Its 
outer and inner surface is covered with a substance called the 
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pigmeiiium nigrum, {or black piiint.) Its office is, apparently, 
to absorb the rays of light immediately after they huve fiillen 
on the retina. It is the opinion of some philosophers, that it 
is the choroid and not the retina, which conveys the sensaUon 
produced by rays of Ught to the brain. 

13. The sclerotica is the outer coat of the eye. It derives 
its name from its hardness. Its office is to preserve the 
globular figure of the eye, and defend its more delicate internal 
structure. To the sclerotica are attached the muscles which 
move the eye. It receives the cornea, which is inserted in it 
somewhat like a watch-glass in its case. It is pierced by the 
optic nerve, which, passing through it, expands over the iimer 
surface of the choroid, and thus forms tlie retina. 

14. The optic nerve is the organ which carries the impres- 
sions made by the rays of Ught, (whether by the medium of the 
retina, or the choroid,) to the br^n, and thus produces tlie 
sensation of sight.* 

234. The eye is a natural camera obscura,^ and the 
images of all objects seen by the eye are represented on 
the retina, in the same manner as the forms of external 
objects are delineated in that instrument. 

1. Fig. 115 represents only those parts of the eye which 
are most essential for the explanation of the pher 




* For the above deacription of the eye and its parts, the author ie main- 
ly indabted to Fastoii's Introduction to the Study of Anatomy, edited by 
Dr. I^wia of ^is city. 

t The camera otecura is explained in a note on page 157. 

By what is its outer and inner surface covered? What is iia office? 
What ia the opinion of some philosophers with regard to the choroid 1 
What is the sclerotica? From what does it dorii-e its name 1 What ie its 
office ? What are attached Xo the Bclerotica? What is tlio optic nerve t 
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Tision. The image is formed thus. The rays from the object" 
c d, diverging towards the eye, enter the cornea c, and cross one 
another in Uieir passage through the crystalUne lens d, by 
which they are made to converge on the retina, where they 
form the inverted* image, fe. 

2. The convexity of the crystalline humor is increased or 

" Although Iho image is Inverted on the tetiiift, we see objects erect, 
because all the images formed on the retiua have the same relative position 
which the objecle thomselvea have ; and as the rays all cross each other, 
the oye is directed upwards, to receive the rays which proceed from the 
upper part of an object, aud dowiiwarda, lo receive those which proceed 
from the lower pari. 

A distinct image is also formed on the retina of each eye; but as the 
optic norvea of the two oyaa uiiito, or cross each other before they reach 
the brain, the impreasioija received by the two uorvea are united, bo that 
only one idea is excited, and objects are seen single. Although an object 
may be distinctly seen with only one eye, it has beeu calculated that the 
use of both eyes makes a dilFereiice of about one-twelfth. From the de- 
icription now given of the eye, it may be Been what are the defeotfi which 
are remedied by the use of concave and convex tenses, and how the use of 
these lenses remedies them. When the crjBtalline humor of the eye is 
too round, the rays of light which enter the eye converge to a focus 
before Ihey reach the retina, and, Iheretore, the image will not be distinct ; 
and when the crystfllline humor is too fat. (as is often the case with old 
persons,) tlio rays will not converge on (he retina, but tend lo a point 
be}'oud it. A convex glass, by aasisting the eonvergenoy of the crystal- 
line lens, brings the rays to a focus on the retina, and produces ditrtlnct 

The eye is also subject to imperfection by reason of the humors losing 
their transparency, either by age or disi-uHe For these imperteclions no 

couching ajid removing cataracts from the eye, consists in making a punc- 
ture or incision through which the diseased part may escape. Its office is 
then supplied by a lens. If, however, the operator, by accident or want 
uf skill, permit the vitreous humor to escape, Ibe globe of the eye inmie- 
diately dimlniahea in siie, and total Windness la the inevitable result 

'iSi. What philosophical iiistrumenl does tlie eye resemble in its con- 
Btruclion? Elxplain Fig. 115. JVole. Why do the objects appear erect 
when the images are inverted 7 Why do we see only one image when 

remedied by the use of concave and convex lenses? In what other way 
Is the eye subject lo iinperfiictjou? Is there any rr>niedy for Ihjs? 



I, Google 



180 NATURAL PHILOSOPHY. 

diminished by means of two muscles, to whicli it is attached. 
By this means the focus of the rays wHcli pass through it, 
constantlj- falls on the retina; and an equally distinct image is 
formed, both of distant objects and those which are near. 

235. A single microscope consists simply of a convex 
lens, commonly called a magnify ing-gl ass ; in the focus 
of which the object is placed, and through which it is 
viewed. 

1. By means of a microscope the rays of light from an ob- 
ject are caused to diverge less ; so that when they enter the 
pupH of the eye, they fall parallel on the crystalUne lens, by 
which they aie refracted to a focus on the retiaa. 

2. Fig. 116 represents a convex lens, or single microscope, 
CP. The diverging 

rays from the ob- Fig. lie. 

ject A B are refract- 
ed in their passage 
through the lens 
C P, and made to 
fall parallel on the 
ciyatalline lens, by 
which they ai'e re- 
fracted to a focus 
on the retJna RR; 
and the image is 
thus magnified, becaus 
lens and carried to the ri 

S. Those lenses or microscopes wliich have the shortest 
focus, have the greatest miignifying power ; and those which 
are the most bulging or convex, have the shortest focus. 
Lenses are made small because a reduction in size is necessary 
to an increase of curvature. 

936. A double microscope consists of two convex 
lenses, by one of which a magnified image is formed. 

By what is the coaveiity of the crystalline humor increased or dimiu- 
iihcd ! What is effeeted hy this means7 

a35. What is a single microscope 1 What is the use of this microscope 1 
What figure reproaeutB a microscope ? Explain the figure. Wliat lenses 
have the greatest magnifying power? What leiisea have the shorleEt 
focus? 

336. Of what does a douhle mic:roBoop* BoiiastT 




e the divergent rays are collected by the 
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and by the other this image is carried to the retina of 
rlie eye. 

Fig. 117 represents the effect produced by the lenses of a 
double microscope. The rays whicb diverge from the object 
A B are collected by tbe lens L M, (called the object-glass, be- 
cause it is nearest to tbe object,) Mid form an inverted magni- 



Fig. in. 




tied image at C D, The rays whiLh diveige fiom this image 
are collected by the lens NO {calkd the e\u. glas'i becauie 
it is nearest to the eye,) which acts on the pr n iplo of the 
single microscope, and forma a still moie magnified imige on 
the retina R R, 

237. The solar microscope !•> a microscope with \ 
mirror attached to it, upon a moveable jomt which can 
be so adjusted as 1o receive the sun a rays and reflect 
them upon the object. It consists oi a tube a mirror oi 
looking-glass, and two convex lenses The sun's ra} s 
are lefleited by the muror through the tube upon the 
object, the image of which is thrown upon a white 
screen, placed at a distance ti receive it 

1. The mioroscope as abo^e deacnbed is used for Mew in ^ 
transparent objects only When opaque objects are to be 
viewed a mnror is used to reflect the hght on the side t the 



Whit IS the use of these two lenBee? What does Fig. 117 represent? 
Esplaui th" figure 

237 Hh t » the solar micrmnopo? Of what does it coiiaist? By 
what nthe m crotcopo are the sin's rays reflected, and upon what? 
For T ewng what objects o ilj in the microecope, above deacribeii, used ! 
How da those miiro^opea used for liewing opaque objects, difTei from 
these? 
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object; the image is then formed hy hght reflected fi-om, thi 
(iliject, instead of being transmitted through it. 

2. Tbe magnifying power of a single nucroscope is ascertain 
ed by dividing the least distance at which an object can be dis 
tinetiy seen by the naked eye, by the focal distance of the lens. 
This, in common eyes, is about 1 inches. Thus, if the focal 
distance of a lens be only \ of an inch, then the diaimtm 
of an object will be magnified 28 times, (because 1, divided by 
\, is the same as multiplying. 1 by 4,) and the surface will ha 
magnified 734 times. 

8. The magnifying power of the compoimd microscope \t 
found in a similar manner, by ascertaining the magnifying 
power, first of one lens, and then of the other. 

4. The magnifying power of the solar microscope is in pro- 
portion as the distance of the image, from the object-glass, is 
greater than that of the object itself from it. Thus, if the dis- 
tance of the object from the object-glass be \ of an inch, and 
the distance of the im^e, or picture, on the screen, be ten 
feet, or I'^O inches, the object will be magnified in length 480 
times, or. in surface, 330,000 times.* 

238. The magic lantern is an instrument constructed 
on the principle of the solar microscope, but the light is 
supplied by a lamp instead of the sun. 

1. The objects to be viewed by the magic lantern are 
generally painted with transparent colors, on glass slides, which 
are received into an opening in the front of the lantern. The 
light from the lamp, in the lantern, passes through them, and 
carries the pictures, painted on the slides, through the lenses, 
by means of which a magnified image is thrown upon the wall, 
on a white surface prepared to receive it. 

• A lens may be caused Co magnify or to diminish an object If the 
object be placed at a dletance from the focus of a lens, and the inline be 
formed in or near Clie facu9, the image will be diminished ; but if the ob- 
ject be placed near the focus, the image will be magnified. 

How is the image then formed? How is the magnifying power of a 
aiagle miccoaoope ascertained? Illustrate this. How ia the magnifying 
of the compound microscope ascertained! In what proportion is Ihe may- 
nifyiug power of the Bolar mlcrosoopo 7 Illustrate this. Note. How may 
a lens be made to mi^nify.ar diminish su object? 

asa VVhHl is the magic lantern? How are ol(jecls, viewed by the magic 
hinliTii, geupnilty repoBunted ? 
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2. Fig. 118 represents the magic lantern. The rays of light 
from the lamp are received upon the concave mirror e, and le- 




RoaU d to the convex lens c winch is cilled the condensing k:iis, 
because it concentr.iles a large quantity of light upon the object 
painted on the slide, inserted at 6. The rays from the illu- 
minated object at 6, are carried divergent through the lens a, 
forming an image oa the screen at/. The image will increase 
or diminish in size, in proportion to the distance of the screen 
IVom the lens a. 

239. A telescope is an instrument for viewing distant 
objects. 

There are two kinds of telescopes, namely, the refract- 
ing telescope and the reflecting telescope. 

A refracting telescope is one in which the object itself 
is viewed, through the medium of a number of lenses. 

A reflecting telescope is one in which the image 
of the object is reflected from a concave mirror, within 
the tube of the telescope, and viewed through a number 
of lenses." 
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1. There are two kinds of refracting telescopes, called the 
astronomical telescope, or night-glass, and the terrestrial tele- 
scope, or day-glass.* In the former, or night-glass, there are 
but two lenses or glasses, but the object is viewed in an invert- 
ed position. As the glass is used principaHy for viewing the 
heavenly bodies, the inversion of the image produces no incoi 
venienee. In the latter, or day-glass, two additional lenses at 
introduced to g^ve the image its natural position. 

2. Fig. 119 represents a night-glass, or astronomical teli 
scope. It consists of a tube, A B C D, containing two glasses, 
or lenses. The lena, A B, having a longer focus, forms the 
object-glass ; the other lens, D C, is the eye-glass, Tiie rays 



from a very distant body, as a star, and which may be con- 
sidered parallel to each other, are refracted by the object-glass 
A B to a focus at K. The image is then seen through the eye- 
glass D C, magnified as many times as the focal length of the 
eye-glass is contained in the focal length of the object-glass. 
Thus, if the focal length of the eye-glass D C, be contwned 
100 times m that of the object-glass A B, the star wiil be seen 
magnified 100 times. It will te seen by the figure, that the 
image is inverted ; for the ray MA, after refraction, will be 
seen in the direction C 0, and the ray if B, in the direction D P. 
3. Fig. 120 represents a day-glass or terrestrial telescope, 
commonly called a spy-glass. This, likewise, consists of a 
tube, ABHG, containing four lenses, or glasses, namely, 

tha dispersion of colors which svory lens produces, in a greater or less de- 
gree, renders the unage dull and indistinct, in proportion to the number of 
lepsee employed. 

» Some glafiBBB or telescopes are marked " Night and Day." Thfso 
have four glaasea, two of which maybe removed when the heavenly hodies 

How many kinds of refracting telescopes are there? What are they t 
How do Ihey differ the one from Ihe other? What does Fig. 119 repre- 
euut ? Explain the BgurB. 
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A B, C B, E F, and G H. The lens A B is tlie oLjecUgliiss, 
and G H tlie eye-glass. The two additional cye-gksses, 
'"" ■ "" - ■' -- — .;-, a^j shape, and placed 




at equal distances from each other, in such a manner that the 
focus of the one meets that of the next fens. These two eye- 
glasses, EF and CD, are introduced for the purpose of col- 
lecting the niya proceeding from the inverted image M N, into 
a new upright image, between GH and EF, and the imiige is 
then seen through the last eye-glass G H, under the angle of 
vision, P Q. 

4. Fig. 121 represents a reflecting telescope. This consists 
also of a large tube, containing two concave metallic mirrors, 
A B and C, with two plano-convex eye-glasses. The mirrors 




are placed at a liitlc more than the sum of their focal distance 
fi-ora each other. The parallel rays rr, coming from a distant 
object, are reflected to a focus g, by the concave mirror A B, 
and thus form an inverted image at g; the diver^ng rays pro- 
ceeding from this image are again reflected by the small mirror 
C, and received by the eye-glass F, through an aperture in the 
middle of the mirror A B. Tlie eye-glass F collects these re- 
flected rays into a new image at I, and this image is seen 
magnified through the second eye-glass, G. 



8 figiira What d 
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5. la reflecAiDg telescopes, mirrors are used to bring the 
image near the eye ; and a iens, or eye-glass, is employed to 
magnify the image. 

6. The advantage of reflecting telescopes is, that they pos- 
sess greater magnifying power, and do not decompose the 
light* 

240. That part of the scieoce of Optics which relates 
to colors is called Chromatics. 

Colors do not exist in the bodies themselves, but are caused 
by the peculiar manner in which the light is reflected from 
their surfaces. 

241. Light is composed of rays of different colors, 
which ma.y be separated by a prism.f 

242. A prism is a soHd triangular, or three-sided 
piece of highly- polished glass, generally six or eight 
inches long. J 

243. The colors which enter into the composition of 
light are seven, namely, red, orange, yellow, green, 

• Commou telescopes have a defect arising from the convexity of the 
object-glass, which, as it is iucreiised, haa a tendency to tinge the edges 
of the images. To remedy this defect, achromatic lenses wore formed by 

gla&s. Owing to the difference of the refracting power of these two kinds 
of glass, tho images become /ree from color and more distinct, and hence 
the glasses which produce tbem were called orftromaiic, that isi^ee/rom 

t This discovery was made by Sit Isaac Newlon. 

t A prism may be made of three pieces of plate glass, abont six or eight 
inches long, and two or three broad, joined logether at their edges, and 
made water-tight by pntty. The ends rnay be filled to a triangular piece 
of wood, in one of which an aperture is made by which to fill it with water, 
and thus to give it the appearance and the refraotive power of a solid 

Why are mirrors used in reflecting telescopes 1 What is the use of the 
lens? What is Ihe advantage of the reflecting telescope? 

a40. What is Chromatics? What causes color? 

241. Of what is light composed? How can those rays be sejiaratod* 
N-iie. By whom was this discovery made? 

343. What is a prism J Note. How may a prism be made ? 

943. How many colors enter into tlie composition of light) What are 
they? 
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blue, indigo, and violet. Each of these has a different 
degree ol' refrangibility. 

244. When light is made to pass through a prism, the 
different colored rays are separated, and form an image 
on a screen or wall, in which the colors will be arranged 
in the order just mentioned. 

1. Fig-. 122 represents rays of light passing from the aper- 
ture, in a window-shutter, AB, through the prism P. Instead 



Pi- ^ 
i 0"--''' 



of continuing in a straight course to E, and there forming an 
image, they will be refracted, in their passage through the 
prism, and form an image on the screen, C D. But as the 
diflerent colored rays have different degrees of refrangibility, 
those which are refiacled the least wiU fall upon the lowest 
part of the screen, and those which are refracted the most will 
fall upon the highest part. The red rays, therefore, sufl'ering 
the smallest degree of refraction, fall on the lowest part of the 
screen, and the remaining colors are arranged in the order of 
their refraction.' 

• It is supposed that the red rays are refracted tho least, on account of 
thdr greater momentum, and that the blue, hidigo, and violet art refracted 
the most, hecauBB they have the least momentum. Tho same leaaou, it 
is supposed, will account for tho red appeiiranco of the sun, through a tog, 
or at rising and sotting. The increased quantity of [he atmoephero, which 

le degree of refrangibility 7 
Jie;ht is made to pass through a prism? 
Explain Fig. 122. Why do the rod rays fall on the lowest part of the 
Bcreen! What is supposed with regard to the red rays! What wilh 
regard to the blue, indigo, and violet rays ) Why does tho bud appear red 
througli a fug 1 
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2. If the colored rays, which have been separated by a 
prism, fall upon a convex lens, they will converge to a focus, 
and appear vrhite. Hence, it appears, that white is not a 
simple color, hut is produced by ibe union of several colors. 

3. The spectrum, formed by a glass prism, being divided in- 
to 360 parts, it is found that the red occupies 45 of those 
parts, the orange 27, the yellow 48, the green 60, the blue 80, 
the indigo 40, and the violet 80.* By mixing the seven 
primitive colors in these proportions, a white is obtmned ; but, 
on account of the impurity of all colors, it will be of a dingy 
hue. If the colors wore more clearly and accurately defined, 
the white, thus obtained, would appear more pure also. An 
experiment (o prove what has just been said may be thus per- 
formed. Take a circular piece of board, or card, and divide it 
into parts, by lines drawn from the centre to the circumference. 
Then, having painted the seven colors in the proportions above 
named, cause the board to revolve rapidly around a pin or wire 
at the centre. The board will then appear of a white color. 
From this, it is infened, that the whiteness of the sun's light 
arises from a due mixture of all the primary colors. 

4. The colois of all bodies are either the simple colors, iia 

thfl oblique rays must traverse, and its being loaded with mists aiid vapors, 
which are usually formed at those times, prevents the other rays fiom 

A similar reason will account for the blue appearance of the sky. As 
thoBo rays ha.ve less momentum, they cannot traveise the atmosphere so 
readily as tlio other rays, nod they are, thoroforo, roaeeted back to our 
eyes by the atmosphere. If the atmosphere did not reflect any taye, the 
skies would appear perfectly black. 

• Light is found to possess both heat and chemical action. The pris- 
malic spectrum prcaonts some remarkable phenomena with regard to tlieso 
quaJilies ; for while the red rays appear to be the seal of thi 



Why does the sky appear of a blue color ? What would be the appear- 
ance of the sky if the atmosphere did not refleut any rays? Ji white a 
simple color? How is it produced? The spectrum formed by a prbm, 
being divided into 360 parts, how mauy of ^ese parts does the red occu- 
py? The orange? The yellow? The green? The blue? The iudigoT 
The violet? What are the colors of all bodies? 
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245. The rainbow is produced by the refraction of 
the sun's rays in their passage through a shower of 
rain ; each drop of which acts as a prism in separating 
the colored rays, as they pass through it. 

This is proved by the following considerations. First, A 
rainbow is never se«n except when i:iin is falUng, and the sun 
shining at the same time ; and that the sun and the bow are 
always in opposite parts of the heavens ; and, secondly, that 
the same appearance may be produced artificially, by means of 
water thrown into the air, when the spectator is placed in a 
proper position, with his back to the sun ; aad, thirdly, that a 
similar how is generally produced by the spray which arises 
from large cataracts, or waterfalls. f 

346. The color of all bodies depends upon the rays 
which they reflect. 

1. Some bodies absorb all the rays which they receive ex- 
cept the red rays. These bodies, therefore, appear of a red 
color; some reflect the green, and absorb all the others, — 
these will appear of a green color ; and, in general, bodies ap- 
pear of the color of those rays which they reflect, while they 
absorb all the other rays. Sometimes a body reflects a portion 
of the rays of several colors. The body wiil then appear of a 
compound color, composed of the various colors which it re- 
flects. When a body reflects all tlie rays, it appears white,— ^ 
when it absorbs all the rays, 't appears bla k. White, then, 

• From the enperimenta of Dr Wo as on appears that tJia seven 
colurs formed by the prism may be edu ad o fou amely, red, green. 



Nate. What appears from the expsrimflnla of Dr. Wollaslon 7 

245. How is the rainbow produced? How is this proved! First' 

Second ? Third ? 

Slfi. Upon what does the color of all bodiEs depend ? Of what color di 

bodies generally appear? When will a body appear of a compound color' 

Of what color will a body appear that reflects all the rays? When wdl i 

body appear black? 
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is .1 mixture of iill the piimitive colors, and black is the dej>n- 
Viition of iill color. 

2. From what has now hcen said, it appears, that no body 
has a permanent or intrinsic color of its own, — but that color, 
as well as weight, are accidental, and not essential properties. 
All substances appear of the same color, or rather, more 
properly speaking, are deprived of all color, in the dark. 

3. Light, from whatever source it proceeds, is of the same 
nature, composed of the various colored rays ; and although 
some substances appear differently by candlehght, from what 
they appear by day, this result may be supposed to arise from 
the weakness or want of purity in artificial light. 

4. There tan be no li</kt mtiiout col<yn, and there can be no 
eoloTg without light. 

5. That the above remarks, in relation to the colors of bodies, 
arc true, -may be proved by the following simple experiment. 
Place a colored body in a dark room, in a ray of light that has 
becQ refracted by a prism ; the body, of whatever color it 
naturally is, will appear of the color of the ray in which it is 
placed ; for, since it receives no other colored rays, it can reflect 
no others.* 

" Although hodiea, from th« arrangenient of thoir particloe, have o. ten- 
dency ta ateorb some rays, and reflect others, they are not bo unirorm iu 
Iheir arrangement as to reflect only pnre raye of one color, and perfectly 
absorb aJI othore ; it is found, on the contrary, that a body reflects in great 
abundance the rays which determine its color, and the others in a greater 
or leee degree, in proportion as they are nearer or further from its color, in 
the order of refraiigibllity. Thus, the greea leaves of a. rose will reSBct a 
few of the red rays, which will give them a brown tinge. Deepnesa of 
color proceeds from a deficiency rather than from an abuudaiice of re- 
flected raya. TiioB, If a body reflect only a few of the green rays, it will 
appCHC of a dark green. The brightness and inteuEity of a color allows 
that a great quantity of rays are reflected. That Iradies aimetimes change 
their color, is owhig to some chemical change, which takes place iu the 

Is color an essential property of a body? Of what color do bodies ap- 
,pear in the dark) Why do some tiodics appear diflerontly by candlelight? 
What is necessary to produce color? What esperinienta are related to 
prove the truth of the above ? Note. What rays does a body reflect iu the 
greatest abuodance? In whEit proportion does it reflect the other raysT 
Why do the green leaves of a rose appear to have a brown tinge ? What 
does the brightness and intensity of a color stiow T Why do some bodiea 
change their color? 
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247. A multiplying-glass is a convex lens, one side 
of which is ground down into several flat surfaces. 

When an object is viewed through a multiplying-glass, it 
will be multiplied as many times as there are flat surfaces on 
the lens. Thus, if one Ughted candle be viewed through a lens, 
having twelve flat surfaces, twelve candles will be seen tiirough 
the lens. The principle of the multipljing-glass is the same 
with that of a convex or concave lens. 

248, The Kaleidescope* consists of two reflecting 
surfaces, or pieces of looking-glass, inclined to each 
other at an angle of 60 degrees, and placed between the 
eye and the objects intended to form the picture. 

The two plates are enclosed in a tin or paper tube, and the 
objects, conaisling of pieces of colored glass, beads, or other 
highly-colored fragments, are loosely confined between two 
circular pieces of common glass, the outer one of which is 
Blightly ground, to make the light uniform. On looking down 
the tube through a small aperture, and where the ends of tlie 
glass plates nearly meet, a beautiful figure will be seen, having 
six angles, the reflectors being inclined the sixth part of a cir- 
cle. If incHned the twelfth part, or twentieth part of a circle, 
twelve or twenty angles will be seen. By turning the tube so 
as to alter the position of the colored fragments within, these 
beautiful forms will be changed ; and in this manner an almost 
infinite variety of patterns may be produced. 



1. The science of Optics treats particularly of light as the 
medium of vision. But there are other effects of this agent, 

mlernu] arrangement of their parts, wheroby thoy loss Iherr teniloncy to 

■ The word Kaloidescops ie derived from the Greek [anguage, and 
means, " the sight of a beautiful form." The iustrmnent was invented by 
Dr. Brewster, of Edinburgh, a few Jeare ago. 

at7. What ia a ronltiplying-glasa? Hoi* many dniea wiH an object, 
viewed through a multiplying.glasB, be multipUeil ? What is the principle 
of the multiplying-glaes ? 

248. Ofwhat does the kaleidescope coiisiat? Note. From what ia the 
word kaleidescope derived, and what does it mean? By whom waB the 
instrutlient invented ? What ia hero said with regard to the kaleidesco|« '. 
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which, although more immediat:;!}' connected with the science 
of Chemistry, deserve to be noticed in this connexion. 

2. The thermal effects of light, that is, its agency in the 
excitation of heat, when it proceeds directly from the sun, 
are well known. But it is not generally known that these 
effects are extremely unequal in the differently colored rays, aa 
they are refracted by the prism. It has already been stated 
in a note on page 186, that the red rays appear to possess the 
thermal properties in the greatest degree, and that in the other 
rays in the spectrum there is a decrease of thermal power 
towards the violet, where it ceases altogether. But, on the 
contrary, that the chemical agency is the most powerful in the 
violet, from which it constantly decreases towards the red, 
where it ceases altc^ether. Whether these thermal and chemi- 
cal powers ejtist in all light, from whatever source it is derived, 
remdns yet to be ascertained. The chromatic intensity of the 
colored spectrum is greatest in the yellow, from whence it de- 
creases both ways, terminating almost abruptly in the red, and 
decreasing by almost imperceptible shades towards the violet, 
where it becomes faint, ^nd then wholly indistinct. Thus it 
appears that the greatest heating power resides where the 
chemical power is feeblest, and the greatest chemical power 
where the heating power is feeblest, and that the optical power 
is the strongest between, the other two. 

3. The chemical properties of light are shown in this, that 
the light of the sun, and in an inferior d^ree that of day 
when the sun is hidden from view, is a means of accelerating 
chemical combinations and decompositions. The following ex- 
periment exhibits the chemical effects of light i 

Place a mixture of equal parts (by measure) of chlorine and 
hydrogen gas in a glass vessel, and no change will happen so 
long as the vessel be kept in the dark and at an ordinary tem- 
perature; but on exposing it to the daylight, the elements will 
slowly combine and form hydrochloric acid ; if the gkss be set 

III what way does OptJcB Iroat of light? What is the thermal property 
of light? Ara the thermal properties of the rays the same, or differeut in 
each color of the prism? How do they differ? How do tlio chemical 
agcucics diffiir? Do these powers exist iu all light, or in solar light oidy? 
Where is the greatest liealing power found ! Where the greatest chemi- 
cal power? Where the greatest optical powers 

In what are (he chemical poweis of light shownl Name the eiperi- 
uieuts and explain them. 
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in the sun's rnys, the union will be accompanied with an in- 
stantaneous detonation. The report may also be pioduced 
by transmitljng ordinary daylight througii violet or blue glass 
to the miiture, but by interposing a red glass between the ves- 
sel and the light, all combination of the elements is prevented. 

4, The chemical effects of light have recently been employed 
to render permaneat the images obtained by means of convex 
lenses. The ai't of thus fixing tliem is termed Photography or 
Heiiography,* The mode in which the process is performed 
is essentially as foliowa:— The picture, {ormed by a camera 
obscm-a, is received on a plate, the surface of which has been 
previously prepared, so as to make it as siisceptible as possible 
of the chemical influence of light. After the lapse of a longer 
or shorter time, the light will have so acted on the plate that 
the various objects, the images of whieb were projected upon 
it, will appear, with all their gradations of light and shade, 
most esactly depicted in black and white, no color being 
present. This is the process commonly known by the name of 
Daguerreotype, from M. Daguerre, the author of the discovery. 
Since his original discovery he has ascertained that by isolating 
and electrifying the plate, it acquired such a sensibility to the 
chemical influence of light, that one-tenth of a second is a suf- 
ficient time lo obtain the requisite luminous impression for the 
formation of the picture. 

5. The chemical effects of light are' seen in the varied colors 
of the vegetable world. Vegetables grown in dark places are 
either white or of a palish yellow. The sunny side of fruits is 
of a richer tinge than that which grows in the shade. Persons 
whose daily employment keeps them much within doors, are 
pale, and more or less sickly in consequence of such confine- 

From what has now been detailed with regard to the nature, 
the effects, and the importance of light, we may see with what 
reason the great epic poet of our language has a 
(t in the words ; 

" Hail, holy UghC I of&priiig of Heaven, £rat-bom, 
Bright effluence of bright essence iucreate," 
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5 has in a simil;ir r 

" Prime chesrer, Light ! 
Of ail material beiuga RiM aad best ; 
EfflQX divine ! Nature's resplendent robe ! 
Without whose vesting beauty ail were wrapt 
In unessential gloom ; and thou, O Suu ! 

Shines out thy Maker ! may I sing of Ihae V 



CHAPTER XI. 

ELECTEICITY, 

249. The word Electricity" is a term used by phi- 
losophers to signify the operations of a very subtle and 
elastic fluid, which pervades the material world. Elec- 
tricity can be seen only in its effects ; which are ex- 
hibited in the form of attraction and repulsion. 

If a piece of amber, sealing -was, or smooth glass, perfectly 
clean and dry, be biisklj rubbed with a dry woollen cloth, and 
immediat«ly afterwards held over small and light bodies, suuli 
as pieces of paper, thread, cork, straw, feathera, or fragments 
of gold leaf, strewed upon a table, these bodies will be attract- 
ed; and fly towards the surface that has been rubbed, and ad- 
here to it for a certain time. The surfaces that have acquired 
this power of attraction are said to be exdfed ; and tlie sob- 
stances thus susceptible of being excited are called electrics, 
while those which cannot be excited in a similar manner are 
caUed non-electrics. 

• This word is darivod from a Greek word, which signifiea amber, be. 
cansB this Bubalancs was supposed to poaaeas, in u remarkable degree, the 
property of producing the dnid, when excited or rubbed. The property it- 



249. What is electricity? 



ie eiTecta oi 



18 given 7 



if tile aurfaces which have acquired the power of attraction! What are 
electrics? What are non-eleetticB? Note. What is stated wilh regard 
to the word electricity? By wham was this property litBt discovered? 
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250. The science of electricity, therefore, divides all 
substances into two kinds ; namely, Ehctrics, or those 
substances which can be excited, and Non-electrics, or 
those substances which cannot be excited. 

(if Greece. The weid is now used to express both the fluid itself, and the 
eeioace which treats of it 

Tho nature of electricity is entirely nnknown. Some philosophers con- 
eider it a fluid ; others consider it as two fluids of opposite qualities ; and 
others again deny its materiality, and deem it, like attraction, a mere prop- 
erty of matter. In this volume the opinion of Dr. Franklin is adopted, 
uha supposed it to ho a single fluid, disposed to diffuse itself equaliy among 
all substances, and eihibiling its peculiar eBccte only wheu a body by any 
means becomes possefsod of more or less than its proper share. That when 
any snbatance has mote than tie natural shate, it is said to bo potitively 

negaiiiieiy electrifled ; that positive electricity implies a redundancy, and 
negative elealricily a dofioieiioy of the fluid. The adoption of tliis opinion 
o[ Fraaklio is a matter of mere verbal preference ; for whether the effects 
described under (he name of electricity be the effiicts af one fluid moving 
in a particular direction, or of two fluids moving in cppoute directions, 
or no motion of a fluid at all, the facts remain the Rame whatever the 
theory may be, and (hoy may be explained as well under cue eet of 
terms as another. Professor Paraduy hue proposed a nomouclatutB of elec- 
tricity, which lias been adopted in some scientific treatises. From the 
(ireek words ^Xurpan, (electricity, or amber, from which it was first pro- 
duced,) and irW[, (a way or path,) he formed tho word electrodm, that ie, 
ways or paths of electricity. Tho course of positive eleclrieity he called 
the aaode, (from the Greek Sroiot, an ascending or entering way,) and the 
course of the negative electricity the cathode, {from the Greek KaBoios, a 
descending way, or path of eiit.) Tlie terms positive and negative are, 
however, more frequently employed to deBignato the extremities of the 
channels through which electricity passes. Positive electricity is scnne- 
timss expressed by the term plas, or its character -|-, and negative elec- 
tricity by the term minaa, or its character — . 

Electricity may be eKcited by several modes— as 1st, by friction, whence 

Whut is stated with regard to the nature of electricity? Whose and 
what ojiiniou is adopted in this volume 1 When is a substance said to be 
positively electrified? When is it said to be negatively electrified? Whdt 
does poeilivQ electricity imply? What does negative electricity imply ? 
Ill how many ways may electricity be excited? What are the difl"erent 
kiiub of electricity called? 

2511. luto how many kinds does the science of electricity divide all sub 
stances? What ate Ibev ? 



p^h, Google 



196 NATUKAI, PHU-OSOI'llV. 

251. The electric fluid is readily communicated from 
one substance to another. Some substances, however, 
will not alSowit to pass through or over them, while others 
give it a free passage. Those substances through which il 
passes without obstruction are called conductors; while 
those through which it cannot readily pass are called 
non-conductors ; and it is found, by experiment, that all 
electrics are nan-conductors, and all non-electrics are 
good conductors of electricity. 

1. The following substances are electrics, or non-conductora 
of electricity ; namely. 

Atmospheric air, (when, dry,) Feathers, 

Glass, Amber, 

Diamond, Sulphur, 

All precious stones, Silk, 

All gums and resins. Wool, 

The oxides of al! metals. Hair, 

Beeswax, Paper, 

Sealing- wax. Cotton. 

All these substances must be dry, or they will become more 
or less conductors. 

2, The following substances are non-electrica, or conductors 
of electricity ; namely. 

All metals. Living animals. 

Charcoal, Vapor, or steam. 

it is calliid Frictional Electricity; adiy, bg chtmical action, caJlsd, from 
its diBcoVBrers, Oalvavie or Voltaic Electricity; 3dly, by the action of 
heat, whence it is called Thermo-Electricity ; 4thly, by Magneliim. 
Frictiouat Electricity forms the subject of Chat blanch of Electricity usually 
treated under Ihe head of Natural Philosophy. Electricity, excited by 
chemical action, forms the subject of Oalvamfm ; aud Electricity produced 
by the agency of heat, or by Magnetism, is UHUatly considered in coDuexioii 
with the subject of Electro-Magnelisni. The intimate connexion between 
these sereral subjects shows how close are the links of the chain by which 
all the departments of physical science are united 

351. What is said with regard to the communication of the electric fluid 
from one substance to another? Will all substances allow it to paas Ihrougli 
tliem? What bodies are called conductors? What bodies are called uou 
conductoia ? What has beeu found, by eiperiment, with regard to elec 
tries and non-electrics 7 What substances are electrics or uou-cgudactors? 
Why must these subataiicea be dry ) What substaucea are non-elect tici 
or conductor? 
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3, The following are imperfect conductors, (that is, thej 
conduct tlie eleutrio fluid, but not so readily as the substances 
above meutioned,) naifiely. 

Water, Common wood. 

Green vegetables. Dead animals. 

Damp air. Bone, 

Wet wood, Horn, &c. 

All substances containing moisture, 

252. Wlien a conductor is surrounded on all sides by 
non-conducting substances, it is said to be insulated. 

1. As glass is a non-conducting substance, any conducting 
fiubatajice surrounded with glass, or standing on a table or 
stool, wilh glass legs, will be insulated. 

2. As the air is a non-conductor, when dry, a substance 
which rests on anjr non-conducting substance will be insulated, 
unless it communicate with the ground, the floor, a table, &a. 

253. When a communication is made between a con- 
ductor and an excited surface, the electricity from the 
excited surface is immediately conveyed by the con- 
ductor to the ground ;* but if the conductor be insulated, 
its whole surface will become electrified, and it is said 
to be charged, 

" The BBTtii may be considered as (he principal reservoir of eleolricity ; 
and when a com muni cation exists, by meausof any oonduoling substance, 
between a body containing more than iU natural share of the fluid, and 
Uie eartli, the body will immediately lose its redundant quantity, and the 
fluid will escape to the earth. Thus, wheji a person holds a. metallic tube 
to an eioiled surface, the Bleelricity escapes from the sorface to the tube, 
and passes fVom the tuba through the person la the floor; and the floor 
being connected with the earth by conducUng substances, such as the 
limbers, &c., which support the bnildhig, the electricity will flnalty pass off 
by a regular succession of conducting suletances, from the excited surface 
to the earth. But if the chain of conducting substances be interrupted. 



What substaacea are mentioned as imperfect conductors! 

t25S. When ia a substance said to be insulated T Give the examples. 

353. When a communication ia made between a conductor and an ex- 
cited surface, where is the electricity from the excited substance couvoyedT 
When is it said to be charged? tiole. When a communication exists by 
meana of any conducting substance, between a body containing mora than 
03 natural share of the fluid and the earth, what wiU become of the re- 
dundant quantity which the body posscsaes! 
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254. The simplest mode of exciting electricity is by 
friction. 

Tlius, if a, thick cylinder of sealing-wax, or sulphur, or a 
glass tube,* be rubbed with a silk handkerchief, a piece of 
clean flannel, or the fur of a quadruped, the electric fluid will 
be excited, and may be communicated to other substances from 
the electric thus excited. 

255. The electricity excited in glass is called the 
vitreous or positive electricity ; and that obtained from 
sealing-wax, or other resinous substances, is called 
resinous or negative electricity. 

256. The vitreous and resinous, or, in other words, 
the positive and negative electricities, always accom- 
pany each other ; for if any surface become positive, the 
surface with which it is rubbed will become negative ; 
add if any surface be made positive, the nearest con- 
ducting surface will become negative. And if positive 
electricity be communicated to one side of an electric, 
(as a pane of glass, or a glass vial,) the opposite side 
will become negatively electrified, and the plate or the 
glass is then said to be charged. 

1. When one side of a metallic, or other conductor, n 



that is, if any non-condiicting Bubetaace occur between tlie excited surface 
and the course which tlie fluid takes in its progress to the earth, the con- 
ducting Bubslanccs will bo insulated, and become charged with electricity. 
Thus, if an excited surface bo connected by a long chain to a metallic tube, 
and the metallic tnbe bo held by a person who is standing on a etool with 
glass legs, or on a cake of sealing-wax, resin, or any other non-conducting 

chain, and the tube will all become olectrifiod. 

* Whatever substance is used, it mnet be perfectly dry. If, therefore, 
a glass tube bo used, it should previously bo held to the fire, and geiilly 
warmed, in order to remove all moisture from its surface. 

What illnstration of this m given? What follows if this chain of con- 
ducting Bubstancea be interrupted ? 

354. What is the shnplest mode of eioiling electricity? What illustra- 
tion of this is giyen 7 

2SS. What 16 the electricity excited in glass called ? What is that ob- 
tained from reaoous substaQces called ? 

35S What IB stated with regard to positive and negative eloctricify 7 
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the electric fluid, its whole surface is instantly pervaded ; but 
when an electric is presented to an electrified body, it becomes 
electrified in a small spot only. 

S. When two surfaces oppositely electrified are united, their 
powers are destroyed; and if their union be made through the 
human body, it produces an affection of the nerves, called an 
electric shock. 

957. Similar states of electricity repel each other ; 
and dissimilar states attract each other. 

Thus, if two pith-balls suspended by a silk thread, are both 
positively .or both negatively electrified, they will repel each 
other ; but if one be positively and the other negatively elec- 
trified, they will attract each other. 

258. The Leydeo jar is a glass vessel used for the 
purpose of accumulating the electric fluid, procured 
from excited surfaces. 

1. Fig. 123 represents a Leyden jar. It is a glass jar, 
coated both on the inside and the outside with tinfoil, with 
a cork or wooden stopper through which a 
metaOic rod passes, terminating upwards in a "'" 
brass knob, and connected by means of a wire, 
at the other end, with the inside coating of the 
jar. The coating extends both on the inside 
and outside only to within two or three inciies 
of the top of the jar. Thus prepared, when an 
excited surface is applied to 'the brass knob, or 
connected with it by any conducting surface, jt 
parts with its electricity, the fluid enters the jar, 
and the jar is saiA to be charged. 

When the Leyden jar is charged, the fluid is 
contained in the inside coating of the »iaj; and 
as this coating is insulated, the fluid will remain 
in the jar until a communication be made, by 

What follows when one sido of a metallic, or other conductor, reoeivfs 
the electric fluid ? What follows wheu an electric ia presented to an elec 
trifled body! What follows when two aacfaces, oppositely electiified, an 
united t 

357. How do similar states of electricity act on each other] How di 
dissimilar etales act ou each other? Give the examples. 

258. For what is the Leyden jar used? What does Fig. 123 represent' 
What IB a Leyden jar? When is the Leyden jar said to be chargeij? 
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means of snmo conduKLing substance, between tlic inside nnd 
the outside of the jar. If then a person apply one Imnd or 
finger to the brass knob, and the otiier to the outside coating 
of the jar, a communication will be formed by means of the 
brass knob with the inside and outside of the jar, and the jar 
will be dischai^ed. A vial or Jar that is insulated cannot be 
charged. 

269. An electrical 'battery is composed of a number 
of Leyden jara connected together. 

The inner coatings of tiie jars are connected together by 
chains or metallic bars ■ attached to the brass knobs of each 
jaf ; and the outer coatings have a similar connexion establish- 
ed by placing the vials on a sheet of tinfoil. The whole bat- 
tery may then be chained like a single jar. For the sake of 
convenience in dischargmg the battery, a knob, connected with, 
the tinfoil on which the jars stand, projects from the bottom 
of the box which contains the jars. 

. The jointed discharger is an instrument used to 
■ge a jar, or battery. 

Fig. 124 represents the jointed dischai^r. It consists of 
two rods, generally of brass, terminating at one end in brass 
balls, and connected together at the 
other end by a joint, hTte that of a ^^«- 'im- 

pair of tongs, allowing them to be 
opened or closed. It is furnished 
with a glass handle, to secure the 
person who holds it from the effects of 
a shock. When opened, one of the 
balls is made to touch the outside 
coating of the jar, or the knob con- 
nected witli the bottom of the battery, and the other is applied 
to the knob of the jar, or jars. A communication being thus 
formed between the inside and the outside of the jar, a dis- 
charge of the fluid will be produced. 

How can the jar be diecharged T Can an iaBulated jar be charged 7 

959. or what \s an eleclriaa! battery composed? How are the inner 

coalings of Ihe jara connected together? How am tlia outer coaling 

irger? What does Fig. 124 reprfseni ? 
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361. When a charge of electricity is to be sent 
through any particular substance, the substance must 
form a part of the circuit of the electricity; that is, it 
must be placed in such a manner that the fluid cannot 

Eass from the inside to the outside surface of the jar, or 
attery, without passing through the substance in its 
passage. 

262. Metallic rods, with sharp points, silently attract 
the electric fluid. 

1. If the balls be removed from the joiated discharger, and 
the two rods terminiite in sharp points, tiie electricity will pass 
off silently and produce but little effect. 

2. A Leyden jar, or a battery, may be silently discharged by 
presenting a metallic point, even that of the finest needle, to 
the knob. It is on this principle that lightning-rods are con- 
structed. The electric fluid is silently drawn from the cloud 
by the sharp points on the rods, and is thus prevented from 
suddenly exploding on high buildings. 

3. Electricity, of one kind or the other, is generally induced 
in surrounding bodies by the vicinity of a highly-excited elec- 
tric. This mode of communicating electricity bt/ a^^troach, is 
styled induction. 

4. A body, on approaching another body powerfully electri- 
lied, win be thrown into a contrary state of electricity. Thus, 
a feather, brought near to a cilass tvbe excited by friction, will 
be attracted by it ; and, therefore, previously to its touching 
the tube, negative electricity must have been induced in it. 
On the contrary, if a feather be brought near to excited 
sealing-toaie, it will be attracted, and, consequently, positive 
electricity must have been induced in it before contact. 

263. When electricity is communicated from one 
body to another in contact with it, it is called electricity 
by transfer. 

264. The electrical machine is a machine constructed 

261. What is necessary when a chains of elecljicity is to be sent through 
any particular substance? 

aea. in what way do mel^lio rods, wilh sharp points, attract the eloe- 
trio fluid? How can the electricity he made to pa^ off slleutly? Upon 
what ptinclpis arc hghtuing-rods constructed? When ia eieclrioity ami 
to be commonicated by induction T 

aCS. Wlien IB electricity |>roducedby traoafer? 
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for the purpose of accumulating or collecting electricity, 
and transferring it to other substances. 

1. Electrical machines are made io various forms, but all on 
the same principle, namely, the attraction of metallic poinls. 
The electricity is excited by the friction of silk on a glass sur- 
face, assisted by a mixture or preparation called an amalgam.* 
The glass surface is made either in the form of a cylinder or a 
circii^ plate, and the machine ia called a cylinder or a plate 
macliine, according as it is made with a cylinder or with a plate. 

2. Fig. 135 represents a plate electrical machine, AD is 
the stand of the machine. L L L L are the four glass legs, or 




posts which support and insulate the parts of the mach ne P 
is the glass plate, (which in some machine s a h How 1 n 
der,) from which the electricity is excited, and H s tl e handle 
by which the plate (or cylinder) is turned R s a 1 at! er 
cushion, or rubber, held closely to both sides of the gl ss plate 

» The amalgam is composed of mercury, tin, and z e That om 
mended by Singer, ia made by melting together oiie od ce of and wo 
ounces of zinc, which are lo be mixed, while fluid w h a k o s of 
mercury, and agitated in an iron, or thick wooden box nD U co d I s 
then to be reduced to a very fine powder in a mortar, and mixed with a 
sufficient quantity of lard to form it Into a paste. 

3G4. For what pniposs is the electrical inachine eonstrncled? Upon 
what principle are all olentrical machines constructed ) How m the elec- 
tricity eieitedl Of what is the amalgam composed? In what form ia 
the glass surface made? When is the machine called a plate machine? 
When ie it called a cylinder machuie) What does Fig. 135 ceprcBent? 
Explain the figure. 
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by a brass clnsp, supported by the post G L, which is called 
the rubber-post. S is a silk bag,* embraced by the same 
clasp that holds the leather cushion or rubber ; and ib is con- 
nected by strings S S S attached to its three other corners, and 
to the legs L L and the fork F of the prime conductor. C is 
the prime conductor, terminating at one end with a moyeable 
brass ball, B, and at the other by the fork F, which has one 
prong on each side of the glass plate. On each prong of tiie 
fork there are several sharp points projecting towards the 
plate, to collect tl I tri 'ty as it is generated by the friction 
of the plate agai t th bb V is a chain, or wire, attach- 
ed to the brass b 11 n th nibber-post, and resting on the 
table or the fl d d to onvey the fluid from the ground 

to the plate. W h g t lectricity is to be obtained this 

chain is remo d f m h ibber-post and attached to the 
prime conduct d tl I tricity is to be gathered from the 

ball on the rubbi i post. 

Operation ov ihe Maouine. — By turning; the 1 indk H the 
glass plate is pressed by the rubber. Ihf fncton of the 
rubber against the glass plate (or cylinder) producer a trinsfer 
of the electiic fluid from the rubber to the plate that is the 
cushion becomes negatively and the glass positively electrified 
The fluid which thus adheres to the glass s i,amed round by 
the revolution of the cylinder ; and its cs(,ape hemg pievented 
by the silk bag.or flap, which covers the plitc (or cylinder) 
until it comes to the immediate vicinity of the metalhc po nts 
on the fork F, it is attracted by the points and earned bv 
them to the prime conductor. Posiijve ele t icitv is thus 
accumulated on the prime conductor, whde the conductor on 
the rubber-post, being deprived of this electn ity is negatively 
electrified. The fluid may then be collected by a Leyden jd,r 
fi'om the prime conductor, or conveyed, by means of a chain 
attached to the prime conductor, to any substfwice which is to 
be electrified. If both of the conductors be insulated, but a 
small portion of the electric fluid can be excited ; for this 
rea-son, the chain must m all eases be attached to the rubier-post, 
when positive eleetridty is required, and to the prime conductor, 
when negative electricity is vianted. 

' Ib eyJiudrieal mechiiiBS this silk bag ia called " the fiap." 

EipkiD the operstion of £he mBeliine. To what must the ehaia be at- 
tached when positive electricity is required? To what must jt lie attacked 
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BXPBR1.V1H\TS WITH THE ELECTRICAL MACHINE. 

1. On the prime conductor of tlie electrical machine, is pLiced 
the electrometer,* E, It consists of a wooden ball mounted 
on a metallic stick, or wire, having two pith balls, suspended 
by silk, hair, or linen threads. When the machine is worked, 
the pith balls, being both similarly electrified, repel each 
other ; and this causes them to fly apart, as is represented 'm 
the figure ; and they will continue elevated until the electricity 
is drawn off. But if an uninsulated conducting substance 
touch the prime conductor, the pith halls will fall. The height 
to which the balls rise, and the qwckness with which they are 
elevated, aflbrd some test of the power of the machine. This 
simple apparatus may be attached tu anj body the electiicity 
of which we wj^-h to measure 

2 The balls of the electrometer when elevated are attract 
ed by any reainous substance and repelled Dy any vitreous 
suhstence that has been pieiiously excited by friction 

3 If an electnc or a non londuotor be ptesented to the 
pnme conductor when charged it will prod tee no eflTeet on 
thi, balls but if a non electric or any conducting substance 
be presented to the conductor the balls of the electrometer 
will fall fhis shows thit tl l. conductot h s parted with its 
electricity and that tie fluid has pissed tff to the earth 
through the substance nd the hand of the person present 
mg It 

" The word tlectrometer moans a tneasurfr of eUclncily It ib 
made in a sanely ol forms, on the principle that similar alatKs ot sleo- 
tricity repel each other. It sometlmee consists of a single pith-ball, tit- 
tached to a light rod, in the manuer of a pendulum, before a gradualed 

All eUctroacope is an instrument of more delicate conslructian, lo de- 
tect the presence of electiicity. The most sensitive of this kind of appara- 
tua, la that called Bennett's Goldleaf Eleclroscope, improved by Singer. 
It consists of two strips of goldleaf suspended under a glass covering which 
completely insulateu them. Strips of tinfoil are attached to the sides of 
the glass, opposite the goldleaf, and when the strips of goldleaf diverge, 
they will touch the tinfoil, and be discharged. A pointed wire surmounts 
the instrument, by which the electricity of the atmosphere may be oh 
served. 

What is the lirst eKperiineut meiitloued with the electrical machine} 
What does the word electrometer mean? Of what does it aometimea 
oonfflst T What is a,n electroscope 7 What is the second eiperimenl 7 
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4. WTien the macliine is turned, if a person touch the prime 
conductor, the fluid passes off through the person to the floor 
without his feeling it. But if he present his finger, his 
knuckle, or any part of the body, near to the conductor, with- 
out touching it, a spark will pass from the conductor to the 
knuckle, which will produce a sensation similar to the pricking 
of a pin, or needle. 

5. If a person stand on a stool with glass legs, or any 
other non-conductor, he will be insulaled. If in this situation 
he touch tlie prinie conductor, or a chain connected with it, 
when the machine is worked, sparks may he drawn fiom any 
part of the body in the same manner as from the prime con 
ductor. While the person remains insulated, he evpeuencea 
no sensation from being filled with electricity; or, if a metalhe 
point be presented to any part of his body, the fluid may be 
drawn off silently, witliout being perceived. But if he touch 
a blunt piece of metal, or any other conducting substance, or 
if he step from the stool to the floor, he will feel the electric 
shock ; and the shock wi!l vary in force according to the 
quantity of fluid with which he is charged. 

6. The Tissue Fig u KB. Fig. 126 is a figure with adress of fan- 
cy paper cut into narrow strips. When placed on the prime con- 
ductor, or being insulated, is con- 
nected with it, the strips being *''«■ ^^■ 

all electrified will recede and form a 
sphere around the head. On pre- 
senting a metallic point to the elec- 
trified strips, very singular combina- 
tions will take place. If the elec- 
trometer be removed from the prime 
conductor, and a tuft of feathers, or 
hair, fastened to a stick or wire, be 
put in its place, on turning the ma- 
chine the feathers or hair will become 
electrified, and the separate hairs will 
rise and repel each other, A toy is i 
represeniing a person under excessiv 
the head with the hand, or any conducting substance, not ii 
sulated, the hair wiil fall, 

7. The Leyden jar 




this way constructed, 
fright. On touching 



nay be charged by presenting it to the 
What does this show? What ia the fourth ! What 
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prime conductor, when the machine is worked. If the hall of 
the jar touch the prime conductor, it will receive the fluid 
silently ; but if the hall of the jar be held at a small dis- 
tance iroin the prime conductor, the sparks will be seen darting 
from the prime conductor to the jar with considerable noise. 

8. The Jar may in like manner be filled with negative elec- 
tricity, by applying it to the ball on the rubber-post, and con- 
necting the chain with the prime conductor. 

9. if the Leyden jar be chatg^ed from the prime conductor, 
(that is, with positive electricity,) and presented to the pith 
balls of the electrometer, they will be repelled ; but if the jar 
be charged from the brass ball of the rubher-post, (that is, 
with negative electricity,) they will be attracted. 

10. If the electrometer be removed from the prime con- 
ductor, and a pointed wire be substituted for it, a wire with 
sliarp points bent in the form of an 8, balanced on it, will be 
made to revolve rapidly. In a similar man- 
ner the motion of the sun and the earth Fig. iS7 
around their common centre of gravity, to- 
gether with the motion of the earth and the 
moon, may be represented.* 

11. A chime of small bells, on a stand. 
Fig. 127, may also be rung by means of brass 
balls suspended from the revolving wires. 
The principle of this revolution is similar to 
that mentioned in connexion with the re- 
volving jet. Fig. 85, which is founded ou the 
law, that action and reaction are equal and 
in opposite directions. 

12. If powdered resin be scattered over dry cotton-wool, 
loosely wrapped on one end of the jointed discharger, it may 
be inflamed by the dischar^ of the battery or a Leyden jar. 
Oimpowder may be substituted for the resin. 

265. The universal discharger, is an instrument for 
directing a charge of electricity through any substance, 
with certainty and precision. 



Km 



a appari 
in the pr 



What ie lliB seventh? How may tlie jar 
tricity? What ia (he oighlii? What is the 
What is the eleventh? What ia the twelfth? 

205. What iK tlie uiiivcr.'al discharger? W 
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1. It consists of two sliding rods, AB and C D, terminating 
at the extremities, A and D, 

with brass balls, and at the 
other ends, which rest upon the 
ivory table or stand E, having a 
fork, to which any small sub- 
stance may be attached. The 
whole is insulated by glass legs 
or pillars. The rods slide through 
collars, bj wliii,h means their 
distance from one another maj be a,djuated 

2. In using the universal discharger one of the rods or 
slides must be connected by a chain or otherwi e witJi the 
outside, and the other with the inside coating of the jar or 
biittery. By this means the substance through which the 
charge is to be scit is placed within the ele:,fric L-ircuit 

3. By means of the umversal disi-harger, any smill metallic 
substance may be burnt. The substance must be placed ui the 
forks of the slides, and the slides placed within the electric cir- 
cuit, in the manner described in the last paragraph. In the 
same manner, by brining the forks of the sUdes mto contact 
with a substance placed upon the ivory stand of the discharger, 
such as an egg, a piece of a potato, water, &c., it may be 
illuminated. 

4. Ether, or alcohol, may be inflamed by a spark commu- 
nicated from a person, in the following manner. The person 
standing ou the insulating stool, receives the electric fluid from 
the prime conductor, by touching the conductor or any con- 
ducting substance in contact with it ; he then inserts the knuckles 
of his hand in a small quantity of sulphuric ether, or alcohol, 
held in a shallow metallic cup, by another person, who is not 
insulated, and the ether or alcohol immediately inflames. In 
this case the fluid passes from the conductor to the person 
who- is insulated, and he becomes charged with electricity. 
As soon as he touches the liquid in the cup, the electric fluid, 
passing from him to the spirit, sets it on lire. 



What figure represonls it! Of what does i( consists 
SBty ill using the uuiversai discharger) What is effecte 
Wliat expsrimeuta are shown by means of the uuiv 
How must the subelance be placed? How may ether 
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266, The electrical bells are designed to show the 
effects of electrical attraction and repulsion. 

1. They are thus to be applied.* The ball B of the prime 
conductor, with its rod, is to be unscrewed, und the rod on 
which the bells are suspended is 

to be screwed in its place. The Fig. ISO- 

middle bell is to be connected by 
a chain with the table or the 
floor. When the machine is 
turned, the balls suspended be- 
tween the bells will be alternately 
attracted and repelled by tte 
bells, and cause a constant ring- 
ing;. If the battery be charged 
and connected with, the pnme 
conductor, the bells will continue 
to ring until ail the fluid from the battery has escaped. 

It may be observed, that the fluid from the prime conductor 
passes readily from the two outer bells, which are suspended by 
chains; thej', therefore, attract the two balls towards them. 
The balls becoming electrified by contact with the outer bells, 
are repelled by them and driven to the middle bell, to which 
they commimicate their electricity ; having parted with their 
electricity they are repelled by the middle bell, and again at- 
tracted by the outer ones, and thus the constant ringing is 
maintained. The fluid which is communicated to the middle 
bell, is conducted to the earth by the chain attached to it. 

2. Spihai. Tube. The passage of the electric fluid from one 



Fig. J3Q. 
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conducting subetanoe to anothei is beautifully exhibited by 
nil ans of a glas^ tube hiving i brass ball at each end, and 

■ In some sets of mitruments, the bells are insulated on a separDte 
fi ind , but thn mode described above ib a convenient mode of connecliug 
1 leva » th the prime coudnctor 
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conted in t] p m de wilh amall p eoes f t nf I pi ced at sm II 
distant c 1 om eiih ll ei in j, spi A di ec ion as repreaLi ted 
in Fig. 1 30 

In the same imnner various figures letteis and words may 
be repre'.ented bv aiTangin^ Kimikr pieces of tinfoil between 
two pieces of flat gU & Ihese expen 
ments appeal more brilliant in a darkened ^-^ * 
room. iC^ 

3. Hydrogen Pistol. Fig. 131 repre- 
sents a hydrogen pistol.* When filled with 
hydrogen gas,f if the insulated knob K be 

presented to the prime conductor, it will » ■ " "^k 

immediately explode. L— 

4. Electrical SrOBTSMAN, Fig. 133 represents the electrical 
sportsman. From the larger ball of a Leydcn jar two birds 



* This apparatus is made in a variety of forms, sometimes iu (he esaol 
fomi of a pistol, and Bometinies in the form of apiece of ordiiance. Tha 
form in the fif-uie is a simple and cheap contrivance, and is sufficient lo 
esplaiu the manner iu which the instrxunent is to be used in any of iU 
forms. 

t A very convenient and economical way of procnring hydrogen gaa 
for this and other experiments, is by means of the hydrogen gaa genei 
ator, as represented in Fig. 132. It coneists of a glass 
vessel, with a brass cover, in the centre of which is a Fig. 138 

leide of the cover, another glass 
ll its open end downwards. With- 
ic is suspended by a wire. The 
outer vessel contains a mixture of sulphnric acid and 
water, abont nine parts of water to one of acid. When 
the cover, to which the inner glass is firmly fiied, is 
placed upon the vessel, the acid acting upon the zinc, 
causes the metal to absorb the oxygen of the water, and 
the hydrogen, the other constituent part of -the water, 
beiug thus disengaged, rises in the inner glass, from 
which it expels the water; and when the stop-cock is 
turned the bydrogea gas may be collected in the hydro- 
gen pistol, or any other vessel. In the use of hydrogen 
gas for explosion, it will be necessary to dilute the ga-s with an equal por- 
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Explain the hydrogen piat 
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niiide of pith,* are sus- 
pended by a linen thread, 
silk, or hair. When the 
jar is 'Charged the hirds 
will rise, as represented 
in the figure, on account 
of the repulsion of the 
fluid in the jar. 

If the jar belhen placed 
on the tinfoil of the stand, 
and the smaller ball pla- 
ced within a half inch of 
the end of the gun, s 
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charge will be produced, and the birds will fall. 



BXPGKlMENTa. 

1. If images, made of pith, or small pieces of paper, are 
placed under the insulated stool, and a connexion he made 
between the piime conductor and the top of the stool, the 
images will be alternately attracted and repelled ■ or, in other 
woi3s, they will first rise to the el t h d top f the stool, and 
thus becoming themselves electrit d w 11 be p lied, and fall 
to the ground, the floor, or the tabi wh partmg with their 
electricity, they will agfun be att a ted b 

the stool, thus rising and falling w th "^' 

siderable rapidity. In order t ond t 
this experiment successfully, the im g ,&, , 
must be placed within a short distance of 
the bottom of the stool. 

2. On the same principle light figures may 
be made to dance when placed between two 
discs, the lower one being placed upon a 
sliding siand with a screw to adjust the dis- 
tance, and the upper one being suspended 
from the prime conductor, as in Fig, 134. 

3. A hole may be perforated through a 
quire of paper, by charging the battery, resting the paper up- 
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on the brass ball of the Lattery, and making a commuTiication, 
by means of the jointed discharger, between the ball of one of 
tlte jars and the brass ball of the box. The paper, in this case, 
will be between the ball of the battery and the end of the dis- 

4. Tlie thunder-house, Fig. 135, is designed to show the se- 
curity afforded by lightning-rods, when lightning strikes a 
building. This is done by placing 
a highly combustible material in ^^" 

the inside of the house, and pass- 
ing a charge of electricity through 
it. On the floor of the house is a 
surface of tinfoil. The hydrogen 
pistol being flUed with hydrogen 
gas from the gasometer, must be 
placed on the floor of the thunder- 
house, and connected with the wire 
on the opposite side. The house being then put together, a chain 
must be connected with the wire on the side opposite to tJie 
lightaing-rod, and the other end placed in contact either with a 
single Leyden jar or with the battery. When the jar, tlius situ- 
ated, is chai^d, if a connexion he formed between the jar and 
the points of the lightning-rod, the fluid will piiss off silently, and 
produce no effect. But if a small brass ball be placed on the 
points of the rod, aud a cha^^e of electricity be sent to it, from 
the jar or the battery, the gas in the pistol will explode, and 
throw the parts of the house asunder with a loud noise.* 

* The BuccEBS of Ihis eiperimeiit depends upon the proper connexion 
of the jar with the !ightnina-rod, »nd the eleclrieal pisloL On the side of 
the house opposite to the lightning-rod there ia a wire, passing through the 
side, and terminating on the outside in a hook. When the houee is put 
together, thie wire, ia the inside, must touch the (iufatl oa the Soor of the 
houae. The hydrogen pistol muat stand on the tinfoil, and its insulated 
Jmoh or wire, jirojectiog from its side, must be connected with the lower 
end of the lightning-rod, eitendiiig into the inside of the hoose. A com- 
munieatiou must then be made between the hook on the outside of the 
house, and the outside of the jar or battery. This is conveniently done by 
attaching one end of a chain to tlic hook, and holding the other end in the 
liaiid against the side of a charged jar. By presenting the knob of the 
jar to Iho points of the lightning-rod no efiecl is produced, hut if a brass 
bull he placed ou the points at P, and the knob of the jar be presented tu 

Explain the third expf rimtnt. The fourth 
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5. If the ball of tlie prime conductor be remould and a 
pointed wire be put in its place, the current of electricity 
flowing from the point, when the machine is turned, may be 
perceived by placing a lighted lamp before it ; the flame will be 
blown from the point; and this will be the case in what part 
soever of the machine the point is placed, whether on the prime 
conductor or the rubber ; or if the point be held in tbe hand 
and the flame placed between it and the machine, thus show- 
ing that in all cases the fluid is blown /rom the point. Delicate 
apparatus may be put in motion hy the electric fluid when 
issuing from a point. In this way electrical orreries, mills, 
Ac, are constructed. 

6. Goldleaf may he forced into the pores of glass by 
placing it between two slips of window-glass, pressing the 
slips of glass firmly together, and sending a shock from a bat- 
tery through them. 

7. If goldleaf be placed between two cards, and a strong 
charge be passed through them, it will he completely fused. 

8. When electiicity enters at a point, it appears in the form 
of a star ; but when it goes out from a point, it puts on the 
appearance of a brush. 

GENERAL REMARKS. 

1. lightning is the rapid motion of vast quantities of elec- 
tric matter. Thunder is the noise produced by the rapid mo- 
tion of lightning through the air. 

2. The aurora barealis (or northern lights) is supposed to be 
caused by the electric fluid passing through highly-rarefied 
air; and most of the great convdgions of nature, such as 
earthquakes, whirlwinds, hurricanes, water-spouts, &c., are 
generally accompanied by electricity, and often depend upon it. 

3. The electricity which a body manifests by being brought 
near to an excited body, without receiving a spark from it, is 

the ball, the eiploaion will take place. If the charged jar be very sud- 
denly presented to tlie polnUi, tlie explosion may take place ; and tbe jar 
may be silently discharged if it be brought very slowly to tbe ball. Tbe 
tliunder-hauue ia sometimeB put together ivitb niagnels. 

Explain the iifth eiperimeiit. Tbe eixth. Tbe eeventb. 
Wliat is ligbtiiiiigT Wh&t is thunder? How is the aurora borsalis 
supposed to be Odused? 
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siiid to be acquired by induction. When an insulated but uii- 
electrified conductor is brought near an insulated charged con- 
ductor, the end near to the excited conductor assumes a state 
of opposite electricity, while the farther end assumes the same 
liind of electricity, — that is, if the conductor be electrified 
positively, the utielectrified conductor will be negative at the 
n«arer end and positive at tke further end, while the middle 
point evinces neither positive nor negative electricity. 

i. The eiperiments which have now been descrihed exem- 
plify all the elementary principles of the science of electricity. 
Tliese esperiments may be varied, multiplied, and extended in 
innumerable forms, by an ingenious practical electrician. Among 
other things with which the subject may be made interesting, 
may be mentioned the following facts, Ac. 

5. A number of feathers, suspended by strings from an in- 
sulated conducting substance, will rise and present the ap- 
pearance of a flight of birds. As soon as the substance is dis- 
charged the featners will fall. The experiment may be varied 
by placing the sportsman, on the prime conductor, without the 
use of the Leyden jar, to which the birds are attached. 

6. Instead of the Leyden jar a plate of common glass (a 
pane of window-glass, for instance) may be coated on both 
sides witii tinfoil, leaving the edges bare. A bent wire 
balanced on tJie edge of the glass, to the ends of which balls 
may be attached, with an image at each end, may be made to 
represent two persons tilting, on the same principle by which 
tlie electrical bells are made to ring. 

7. A beautiful little sawmill was lately exhibited at a lecture 
at the Odeon, in Boston, by Mr. Quimby, its ingenious con- 
triver. The moving power was a wheel, with balls at the ends 
of the spokes, situated within the attractive influence of two 
larger balls, differently electrified. As the balls on the spokes 
were attracted by one of the larger biills, they changed their 
electrical state and were attracted by the other, wliich, in its 
return, repelled them, and thus the motion being given to tlie 
wheel was communicated by cranks at the end of the axle to 
the saws above. 

How a Uie electricity which a body raanifesls by being bronghl near 
to ail eiciCed body, without receiving a Bpark from it, said ta l>e ac- 
quired? When an iiiaulatod, but uoelectaified conductor, is brought ii-iir 
an inaii)Ht»d charged conductor, whal is eaid with regard to the end ueiir 
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8. Wlien tlip hind i& presented to the piime conductor, a 
spaik IS communn«iti,d attended with a filiglitly paijifu) sensa- 
tion. But if a, pin or a needle be held in the hand with the 
point towards the conductor neither apark nor pain will be 
perceived owing to the attracting (or perhaps, more properly 
speaking, the receiving] power of the point. 

9. That square rods are hetter than round ones to conduct 
electricity silently ta the ground, ajid thus U} protect huildings, 
may be proved by causing each kind of rod to approach the 
prime conductor when charged. It will thus be perceived, 
that while httle effect is produced on the pith-h^s of the 
electrometer by the near approach of the round rod, on the 
approach of the square one the haOs will immediately fall. 
The round rod also, will produce an explosion and a spark, 
from the ball of the prime conductor, while the square one will 
draw off the fluid silently. 

10. The effects of pointed conductors upon clouds charged 
with electricity may be familiarly exemplified by suspending a 
small fleece of cotton-wool from the prime conductor, and 
other smaller fleeces from the upper one, by small filaments. 
On presenting a point to them they will be repelled and all 
drawn together ; hut if a blunt conductor approach them they 
will be attracted. 

11. From a great variety of facts, it has been ascertained, 
that lightning-rods afford but little security to any part of a 
building beyond twenty feet from them ; and that when a rod 
is fainted it loses its conducting power. The lightning-rods of 
the most approved construction, and in strictest accordance 
with philosophical principles, are composed of small square 
rods, (similar to mul-rods.) . They run over the building, and 
down each of the comers, presenting many elevated points in 
their course. At each of the comers, and on the chimneys, the 
rods should be elevated several feet above the building. Rods 
of this description have been placed on all the public school- 
houses and other public buildings of Boston, by order of the 
city authorities. They were constructed by Dr. King, who 
has mtroduced an improvement, by twisting the square rods. 



Why sre equare rods better Uian round aues to conduct electricity si- 
lently to the grotiud, and thus protect bnildiiigs from lightning? How 
far beyond the rod do lightning- rode affiird protection? In what way are 
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and thus multiplying the sharp surfiicfis presented fo collect 
the fluid. 

1 2. The removal of silk and woollen garmeots, worn during 
the day in cold weather, is often accompanied by a slight noise, 
resembling that of sparks issuing from a fire. A similar 
effect is produced on passing the hand softly over the back of 
a cat. These effects are produced by electncity. 

13. It may here be remarked, that the terms positive and 
negative, are merely relative terms, as applied to the subject 
of electricity. Thus, a body which is possessed of its natural 
share of electricity, is positive in respect to one that has less, 
and negative in respect to one that has more than its natural 
share of the fluid. So, also, one that has more thaa its natural 
share is positive with regard to one that has only its natural 
share, or less than its natural share,— and negative in respect 
to one having a larger share than itself. 

14. T!ie experiments with the spiral tube connected with 
Fig. 130 may be heaiidfuUy varied by having a collection of 
such tubes placed on a st^d ; and a jar coated with small 
strips resembling a brick wall, presents, when it is charged, a 
beautiful appearance in the dark. 

15. The electric fluid occupies no perceptible space of time 
in its passage througk its circuit. It always seems to prefer 
the shortest passage, when the conductors are equally good. 
Thus, if two, ten, a hundred, or a thousand or more persons, 
join hands and he made part of the circuit of the fluid in pass- 
ing from the inside to the outside of a Leyden jar, they will 
all feel the shock at the same moment of time. But, in its 
passage, the fluid always prefers the best conductors. Thus, 
if two clouds, differently electrified, approach one another, the 
fluid, in its passage from one cloud to the other, will some- 
times take the earth in its course, because the air is a bad 
conductor. 

16. In thunder-storms, the electric fluid sometimes passes 
from the clouds to the earth, and sometimes from the earth to 
the clouds ; and sometimes, as has just been stated, from one 
cloud to the earth, and from the earth to another cioud. 

What is remarked With regard to the terms negative and positive ? Hoiv 
can this be illustrated? What is said with regard to the time the electric 
fluid occupies in its passage through its circuit! What example is given 
toshowthat the fluid prefers the best couduetoiH 7 In what different wii}s 
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17. It is not safe, during a thunder-storm, to tate shelter 
under a tree, beca.use the tree attracts the fluid, and the 
human body being a better conductor tlian the tiee, the fluid 
will leave the tree and pass into the body. 

18. It is also unsafe to hold in the hand edge-tools, or any 
sharp point which will attract the fluid. 

19. The safest position that can be chosen during a thunder- 
Btorm, is a recumbent posture on a feather bed ; and in all 
situations a recumbent is safer than an erect position. No 
danger is to be apprehended from lightning wben the interval 
between the flash and the noise of the explosion is.as much 
as three or four seconds. This space of lime may be con- 
veniently measured by the beatings of the pulse, if no time- 
piece be at hand. 

20. Lightning-rods were firat proposed by Dr. Franklin, to- 
whom is also ascribed the honor of the discoveiy that thunder 
and lightning are the effects of electricity. He raised a kite, 
constructed of a silk handkerchief, adjusted to two light strips 
of cedar, with a pointed wire fixed to it ; and fastening the 
end of the twine to a key, and the key, by means of a piece of 
silk lace, to a post, (the silk lace serving to insulate the whole 
apparatus,) on the approach of a thunder-cloud, he was able 
to collect sparks from the key, to ohai^ Leyden jars, and to 
set fire to spirits. This experiment establUhed the ideality of 
lightning and electricity. The experiment was a dangei-ous one, 
as was proved in the case of Professor Richraan, of St. Petera- 
buvgh, wlio fell a sacrifice to his zeal for electrical science, by 
a stroke of lightning from his apparatus. 

21. Among the most remarkable facts, connected with the 
science of Electricity, may be mentioned the power possessed 
by certiun species of fishes, of giving shocks, similar to tJiose 
produced by the Leyden jar. There are three animals possess- 
ed of this power, namely, the Torpedo, the Gymnotus Elec- 
tricns, (or Surinam Eel,) and the Silurus Electrieus. But al- 
though it has been ascertained that the Torpedo is capable of 
giving shocks to the animal system, similar to those of the 
Leyden jar, yet he has never been made to afford a spark, nor 

Why is it miBafe, during a thundsr-storm, to tiike shelter under a tree, 
or to hold ill the huiid any edge-tools? What posilion ie the Bafest in a 
thnnder-stornil When is there no dniiger to he appreheiiiled from the 
lightning! By whom wore light ning-roJa first propoaed? Wlio first diB- 
coveted that thander and lightning are the offecls of eloclricity 7 
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to produce the least effuct upon the most delicate electroiceter. 
Tlie Gymnotus gives a small but peiceptible spurk. The elec- 
trical powers of the Silurus are inferior to those of the Torpedo 
or [lie Gymnotus, but still sufficient to give a distinct shock to 
the human system. This power seems to have heen bestowed 
upon these animals to enable them to secure their prey ; and 
to resist the attacks of their enemies. Small fishes, when put 
into the water where tlie Gymnotus is kept, are generally killed 
or stumied by the shock and swallowed by the animal, when 
he is hungry. The Gymnotus seems to be possessed of a new 
kind of sense, by which he perceives whether the bodies pre- 
sented to him be conductors or not.* 

22. It will be recollected that the phenomena which have 
now been described, with the exception of what has just been 
stated as belonging to animal electricity, belong to the subject 
of ftictmial electricity. But there are other forms in which 
this subtle agent presents itself, which are yet to be described, 
wiiich show that its operations are Dot confined to beautiful 
experiments such as have already been presented, nor to the 
ten'ific and tremendous effects that we witness in the storm 
and the thunder-gust. Its powerful agency works unseen on 
the intimate relations of the parts and properties of bodies of 
every description, effecting changes in their constitution and 
cliaracter, so wonderfully minute, thorough, and universal, that 
it may almost be considered as the chief agent of nature, 
the prime minister of omnipotence, the vicegerent of creative 
power. 

" The consideration of the BTectricLty developed by the organs of theae 
animals of the aquatic order, belongs lo that departneut called Animal 
Electricily. 
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CHAPTER XII. 



207. Galvanism, a branch of Electricity, i 
name from Galvani," who first discovered the principles 
which form its basis. 

1. Electricity is produced by the mechanical action of bodies 
on one another; but Galvanism, or Galvanic Electricity, is pro- 
duced by their chemical action. 

2. The motion of the electtic fluid excited by galvanic 
power, differs from that explained under the head of frictional 
electricity, in its duration ; for while the latter exhibits itself in 
sudden and intermitted shocks and explosions, the former con- 
tinues in constant and unioterrupted action. 

3. The nerves and muscles of animals are most easily 

« Dr. AloysiuB Galvani was a Professor of Anatomy in Bologna, and 
mado his discoverioa atioul lire year 1790. His wife, being consump- 
tive, was advissd to lake, aa a. nutritive article of diet, some eoup made of 
the flesh of frogs. Several of these animals, recently skinned for t|)at pur- 
pose, were lying on a Cable in his 1abora.tory, near ml electrical macbiue, 
with which a pupil of the professor was amusing himself in trying experi- 

nerve of the leg of one of the frogs with tlie blade of a knife that he held 
in his hand, when suddenly the whole limb waa thrown into violent coii- 
vulalona Galvani being informed of tlie fact, repeated the experiment, and 
examined minutely all the circumstances connected with it. In this way 
he was led to the discovery of the principles which form the basis of this 
science. The science was subsequently extended by the discoveries of 
Professor Volta, of Favia, who first constructed the Galvanic or VoIUlIo 
pile, in the beginning of the present century. 

To produce electricity meohauioally, (as has been elated under the head 
of frictional electricity,) it is uecesBary to excite an electric or nou-con- 
dacting substance by friction. But galvanic action is produced by the 
contact of difterent conducting substances with each othor. 

267. What is Galvanism? By whom and when was galvanism dis- 
ooveredf What led to the discovery? How is electricity generally pro- 
duced? How is galvanic electricity produced? How does the motion of 
the galvanic fluid, excited by galvauio power, diiTer from that explained 
in the science of Electricity? What bodies are most easily affected hy 
the galvanic fluid? 
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affected by the galvanic fluid ; and the voltaic or galvanic 
battery possesses the most surprising powers of chemical 
decomposition. 

268. The galvanic fluid or influence is excited by ine 
contact of pieces of different metal, and sometimes by 
different pieces of the same metal 

1. If a living frog, or a fiah having a slip of tinfoil on its 
back, be placed upon a piece of zinc spasms of the muscles 
will be excited whenever a CDmrnunii, it on is made between the 
line and the tinfoil. 

2. If a person place a piet,e of one metal, as a half-dollar, 
above his tongue, and a piece ot some other metal, (as zinc,) 
below the tongue, he will perceive a peculiar taste ; and, in 
the dark, will see a flasJi of Hglit, whenever the outer edges of 
the metals are in contact, 

3. A faint flash may bo made to appear before the eyes by 
putting a slip of tinfoil upon the bulb of one of the eyes, a 
piece of silver in the mouth, and making a communication be- 
tween thenu In these experiments, no effect is produced so 
long as the metals are kept apart ; but on bringing them into 
contact, the effects above described are produced. 

269. The conductors of the galvanic fluid, like those 
of frictional electricity, are divided into the perfect and 
the imperfect. Metallic substances, plumbago and char- 
coal, the mineral acids and saline solutions, are perfect 
conductors. Water, oxydated fluids, as the acids, and 
all the substances that contain these fluids, alcohol, 
ether, sulphur, oils, resins, and metallic oxydes, are 
imperfect conductors. 

270. To produce any galvanic action it is necessary 
to form what is called a galvanic circle ; that is, a cer- 
tain order or sucjjssion of substances capable of exciting 
electricity. 



363. How is the gal-auic fluid o 


r infliieiioB ex 


cited 7 What illustrations 


of Ihis are given! 
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271. The simplest galvanic circle is composed of 
three conductors, one of which must be solid, and one 
fluid ; the third may be either soHd or fluid. 

1. The process usually adopted for obtaining galvanic elec- 
tricity is to place between two plates, of different kinds of 
jnetal, a fluid capable of exerting some chemical action on one 
cf the plates, while it has no action, or a different aclaon, on 
the other. A coiomunication is then formed between the two 



2. Fig. 136 represents a simple 
galyanic circle. It consists of a, 
vessel containing a portion of diluted 
sulphuric acid,* with a plate of zinc 
Z and of copper C immersed in it. 
The plates are separated at the bot- 
tom, and the circle is completed hy 
connecting the two plates on tlie 
out^de of the vessel by means of 
wires. The same effect will be pi'o- 
duced, if, instead of using the wires 
the metallic plates come ' to d' ect 
contact. 

3. In the above arran^en ent 
there are three elements o e sen 
tial parts ;■!■ namely, the z c tl e 
copper, and the acid. The ac d act 
ing chemicallyj upon the zinc pro 
duces an alteration in the electrical 
state of the laetal. The zinc com- 

B gaJyanic cir 




always be ono that 



B of the three elemeDte, because 



• The acid employed 
has H Etrong affinity for one of the 
employed, sulphuric acid may fom 
that acid han a eliong affinity Coi' zinc 

action. In the eiperinieuts which have alteaciy been mentioned, in the 
case of the frogs, the fish, the mouth, and Ihe eye, tho moisturf of Ihs 
animal, ot of (he mouth, supplies the place of the acid, so that the thret 
constituent parts of the circle are completed. 

t A certain quantity of electricily is alinays developed tcJienevei 

271. Of what is the simplest galvanic circle oompoaed T What proceaa 
ia UKually adopted for obtaining ealvwii" eleelricity) Illnslrate thi^ by 
Fig. 136. 
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munioating its natural share of the electrical fluid to the acid, be- 
comes negatively* eleetiitied. The copper, attracting the same 
fluid from the aeid, becomes positivdy electrified. Any con- 
ducting substance, therefore, placed within the line of commu- 
nication between the positive and negative points, will receive the 
charge thus to be obtained. The arrows in Fig. 138 show the 
direction of the current of positive electricity, namely, from 
the zinc to the fluid, — from the fluid to the copper, — from the 
copper back through the wires to the zinc, passing from zinc 
to copper in the acid, and from copper to zinc out of the acid. 
The substance submitted to the action of the electric current 
must be placed in the hue of communication between the cop- 
per and the zinc. The wire connected with the copper is 
called the positive pole, and that connected with the zinc the 
■negative pole, and in all cases tlte substance submitted to galvanic 
action, must be placed between the positive and negative poles. 

4. The electrical efl'ects of a simple galvanic circle, such as 
has now fceen described, are, in general, too feeble to be per- 
ceived, except by very deUoate tests. The muscles of animals, 

ehfinicat action takes piacf betaeen ajluid and a solid body. This is a 
geaeral law of chemical action ; and, indeed, it haa been ascertained, that 
tliere is so intimate a couueiion between electrical and ehemica) changes, 
tliut tlie chemical action can proceed ouly lo a certain extent, nnless the 
electrical equilibiiutn, which has beeu disturbed, be again restored. Hence, 
we Had that in (he simple, as well as in the compound galvanic circle, the 
ojydation of the iinc proeeeds with activity whenever tlie galvanic circle 
is completed ; and that it ceases, or, at least, takes place very slowly, 

* It appears at lirat view to be a singular fact, that in a simple galvanic 
circle, composed of zinc, acid, and copper, the zinc end will always be 
negative and the copper end poailive ; while in a)] compound galvanic cir- 
cles, composed of the same elements, tlie ziuc will be positive, and the 
cop]ier negatiee. This apparent difference arises from the compound circle 

What effect will be produced if, instead of allowing the melailic plates 

by wires? How many parts are there in the above arrangement? What 
arelhey? What effect does the acid prodnee? What is the electrical 
stsie of the line? Of tlie copper? What are the arrows in Fig. 136 
designed to show? Where must the substance, to be submitted to the 
action of the fluid, be placed ? What is said of the electrical effects of a 
*illiple galvanic circle ? 
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especully those of coM blooded animaK such ds frop;-i 4c , 
the tongue the eje and other sensitne parts of the bodj be 
ing very easily afft,ct«d attord examples of the operation of 
aimple galvanic ciroles In these although the quantity of 
electnoity set in motion is exceedingly small it is yet sufficient 
to produce very considerable effects , but it produces little or 
no effect on the most delicate electrometer. 

272. The galvanic effects of a simple circle may be 
increased to any degree, by a repetition of the samt 
simple combination. 

Such repetitions constitute compound galvanic circles, and 
are called galvanic piles or galvanic batteries, according to the 
mode in which they are constructed. 

273. The voltaic pile consists of alternate piates of 
two different kinds of metal, separated by woollen cloth, 
card, or some similar substance 

1. Fig. 137 represents a voltaic pile A ^oltuc pile may 
be constructed la the folloiving manner take a number of 
plates of silver, and the same numhcr of 
zinc, and also ol woollen do h, the cloth Fig isT 

having been so iked in a solution of sal 
amraomac in water , with these a pile is to 
be formed in the following order ; namely, 
a. piece of silver, a piece of zinc, a piece of 
cloth, and thus repeated. These are to be 
supported by three glass rods, placed per- 
pendicularly with pieces of wood at the 
top and bottom, and the pile will then be complete and will 
afford a constant current of electric fluid through inj conduct- 
ing substance. Thus, if one hand be applied to the lower 
plat«, and the other to the upper one, a shock will be felt, 
which will be repeated as often as the contact b renewed. 

Instead of silver, copper plates, or plates of other iact:Ll, 
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may be used in the above arrangement. The arrows in the 
figure, show the course of the current of electricity in the ar- 
riingement of silver, zinc, &c. 

2. Voltaic piles have heen constructed of layers of gold and 
silver paper. The effect of such piles remains undisturbed for 
years. With the assistance of two such piles, a kind of per- 
petual motion, or self-moving- clock, has been invented by an 
Italian philosopher. The motion is produced by the attraction 
and repulsion of the piles exerted on a pith ball, on the prin- 
ciple of the electrical bells. The top of one of the piles was 
positive, and the bottom negative. The other pile was in an 
opposite state ; namely, the top negative, and the bottom 
positive. 

374. The voltaic or galvanic battery is a combination 
of metallic plates, immersed by pairs in a fluid which 
exerts a chemical action on one of each pair of the 
plates, and nu action or at Iea--t, a different action on 
the othei * 

1. Fig 138 represpnts a vultaic battery It con'iiits of a 
trough made of baked wood wedgewood waie or some other 
non-conducting substance It is divided info grooves or par- 
titions lor the leccption of the 
acid, or a sahne solution and the 
plates of zmc or copper (oi other 
metals) are immersed by pans m 
the grooies These pairs of pUtes 
are united h? a slip of metdl pass 
ing from the one and soldered to 
the othei each pair being placed 
so as to enclose a partition be 
tween them ind eich tell or 
groove m the trough (.ontaimng 

» The electricity eicited by the battery, proceeds /rom Ihe solid (o Ihe 
fluid wliich acts itpoii it chemicallv Thus, in & banery composed of zinc, 
diluted sulphuric acid, and copper, the acid acta upon the zinc, aud not on 
the copper. The galvauie fluid proceed, therefore, from the zinc to Ihs 
acid, from the acid to the copper, &c. Instead of ueiug two different 
metala to forii the galranic cucoit, one metal, in different stales, may be 

374. What iH the voltaic battoryT What is said iu the uote with rp- 




>n IV Google 



224 \ATURAL FHILOSOPIIY. 

a pi t« of zitu, c nnected with, the copper phLe of the sue 
cetding clU and a oopper plate joined with the zmc pkt« of 
the ].iecedmg cell lliese pairs must commence with copper 
and teriaiiiate with anc Ot commence with zmc and teiinmate 
with copper The communicat on betwetn the hrst and last 
plates IS made by wiret, whidi thus umplete the gihanic 
circuit Ihe substance to he submitted to galvanic d^,tiQnis 
placed between the points of the two wiiei 

2 A compound battery of gieat power is obtained by 
unitii g a numbt-r ot these troughs In a similar manner a 
bttterj may be produced by unitmg seieral piles making a 
metallic con muuication between the Idst plate of the one ii d 
the hrst plate ct the oext and eo on tak ng care that tie 
order of buctesabion of the plates m the circuit be pieseiied 
mviolate 

3 The C'ouronne dei, tosses repre Fig i 9 
sentcd m Fig. 139, is another form ^p-— 
of the galvanic battery. It consists 
of a number of cups, bowls, or glasses, 
■with the zinc and copper plates im- , 
niersed in them, in the order repre- 
sented in the figure ; Z indicating 
the zinc, and C tiie copper plates ; 
the arrows denoting the course of 
the electric fluid. 

4. The electric shock from the voltaic battery may be re- 
ceived by any number of persons, by joining hands, having 
previously wetted them. 

employed ; the esseetial principle being, that one of (he elemezits shall be 
more powerfuHy afiectcd by aoms chemical agent than the other. Thus, 
if a galvanic pair be made of the same metal, one part must be eofter than 
tlie other, (as is the case with cast and rolled line ;) or a greater amount 
of surface must be exposed to cotroeion on one side than on the other ; or 
a more powerful chemical agent be used on one side, so that a cnirent will 
be eent from Ihe part most coiioded, through the liquid, to tho part least 
corroded, whenever the piJes are united and the circuit thereby com- 
pleted. 

Howie the communieation between the first and last pla'ee made? 
Where must the substance, which is to be subnntted to galvanic actiou, 
be placed? How can a compound batlery of groat power be ubtuined'f 
What does Fig. 139 represent ' Of what does th s battery oousiet 7 How 
can (he electric sliocli, froju llie voltaic battery, be received by any uuni- 
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r is represented in Fig. 140, 
'mplost form. It 




5. Smeb's Galvanic 
and affords an instance of a batteiy i' 
consists of a glass vessel, (as a tumbler ) on 
which rests the frame that supports the ap 
paratua withio. Two screw cups n&e from 
the frame, to which whes miy be attached 
for the conveyance of the eiectnc current 
in any direction. One of the screw cups 
commumcafes with a thin stnp of pKtmum 
or pliLtiaum foil, which is auspindtd with 
in the glass vessel between two plates of 
zinc, thus presenting each surface of the 
platinum to a surface of zinc and the gal 
vanic action is in proportion to the extent of the opposite sur- 
faces of the two metals, and tteir nearness to each other. The 
other screw-cup is connected with the two zinc plates. The 
screw-cup connected with the platinum is insulated' from the 
metallic frame which supports it, by rosewood, and a thumb- 
screw confines the zinc plates, so that they can be renewed 
when necessary. The liquid employed for this battery is sul- 
phuric acid, or oil of vitriol, diluted with ten parts of water by 
measure. To prevent the action of the acid upon the zinc 
plates, their surfaces are commonly amalgamated, or combined 
with mercury, which prevents any chemical action of the acid 
with the zinc until the galvajiic cn-cuit is established, when the 
zinc is immediately attacked by the acid, 

1. Fig. 141 represents a series of three pairs of this battery. 




in which it will be observed that the platinum of one is connected 
with the zinc of the next, and that the terminal wires proceed. 

What figure represents Smeo's galvauio bafteryT Describe it. What 
liquid is employed for Ibis battery! Deaoribe Fig. 141. 
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consequently, one from a platinum plate, and the other from 
a zinc plate, as in a single pair. 

7. Sulphate of Copper Battery. Fig. 142 represents a 
sulphate of copper battery, and Fig. 143 a vertical section of 
the same battery. It con- 
sists of a double cylinder 
of copper, CC, Fig. 143, 
with a bottom of the same 
metal, which serves the 
double purpose of a gn\- 

to contjun the exciting so- 
lution. The solution is 
contmued in the space 
between the two copper 
cylinders. A moveable 
cylinder of zinc, Z, is let 
down into the solution 
whenever the battery is 
to be used. It rests on 
three arms of wood or 
i\oryat the top, by means 
of which it IS insulated. 
Thus suspended in the 
solution, the i-urfaces of 
zinc and copper respee- 
tuely, face each other. 






N, 







tached to the z 
another, P, to the copper 
cylinder, to receive the 
wires. When a commu- 
nication is made between 

the two cups, electricity is excited The liquid employed in 
this battery is a solution of sulphate ff oupper (common blue 
vitriol) in water. A saturated solution is hrst made, and to 
this solution as much more water is added.* 



if will dissolve about e 



sr of a pound «f WiiB 



Describe the aulphati 
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8. Grove's Batieky. This is the most energelii; battery 
yet known, and is the one most generally used for the mag- 
netic telegraph. The metals employed are platinum and zinc, 
and the solutions are strong nitiio acid, in contact with the 
platinum, and sulphuric acid diluted with ten ortwelve parls of 
water in contact with the zinc. This battery must be used 
with, great care on account of the strength of the acids used 
for the solutions, which send out injurious fumes, and which 
are destructive to organic substances. Fig. 144 represents 
Grove's battery. The containing vessel is glass ; within this 
IS a thick cylinder of amalgamated zinc, 
standing on short legs, and divided by ^- ***■ 

a longitudinal opening on one side, in order ~ 

to allow the acid to circulate freely. Inside 
of this is a porous cell of unglazed porcelain, 
containing the nitric acid, and strip of plati- 
num. The platinum is supported oy a strip 
of brass fixed by a thumb-screw and an in- 
sulating piece of ivory to the arm proceed- 
cng from, the zinc cylinder. The amal- 
gamated zinc is not acted upon by the 
diluted sulphuric acid, until the circuit of the battery is com- 
pleted. But as the nitric acid will filter through the porous 

the peniianency of the action of Che Bolntion. The zinc cylinder should al- 
ways be tateu out of llie solution when the battery is uot in use ; but the 
solution may remain in the battery. The bB.ttery will keep in good action 
lor twenty or tliirty miautes at a time. 

The eulphale of copper battery, although not eo energetic ae Smee's, u9 
found very convenient in a large' cliiaa of experiments, and is partjoularly 
recommended to those who are inexpert in the use of acids ; because the 
sulphate of copper being entirely neutral, will not injure the color nor the 
texture of organic subslaucee. 

There ia ajiother form of the aulphote of copper battery, called the Pro- 
lected Sulphate of Copper Battery, which differs from the one described 
in having a porous cell of earthenware, or leather, interposed between (he 
zinc and the copper, tlius forming two cells, in the outer of which sulphate 
of copper may be used, and in the iuner one a solution of sulphate of 
soda, (Glauber salt,) ui chloride of sodium, (common salt,) or even dilute 
sulphuric acid. This battery will continue in use for several days, and it 
is therefore of great uae in the electrotype proceaa. 

Deacribe Grove's battery. Which ie the most powerful battery ? For 
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cell, and act upon the ziiit, it is advisable to remove tlie zinc 
from the acid when the battery is to remain inactive. Tlio 
action of Grove's battery may be considered as three times 
gieater than that of the sulphate of copper battery. 

375. The spark from a powerful voHaic battery acfs 
upon and inflames gunpowder, charcoal, cotton, and 
other inflammable bodies, fuses all metals, bums up or 
disperses diamonds and other substances on which heat 
in other forms produces little or no eiFect.* 

The wires, by which the circuit of the battery is completed, 
are generally covered with glass tubes, in order that they may 
be held, or directed to any substance. 

276. There are three principal circumstances in which 
the electricity produced by the galvanic or voltaic bat- 
tery, differs from that obtained by the ordinary eSectrical 
machine, namely, — 

1st. The very low degree of intensity] of that pro- 

» The mOBt striking efiBolB of Galvanism on the human frame, after 
death, wore exhihiled at Glasgow, a few years ago. The Bubject on which 
tha experiments were made, was the body of the mnrderet Clydesdale, 
who waa hanged at (hat city. He had been euspeaded an hour, aud the 
first experiment was made in about ten minutes after he was cut down. 
The galvanic battery employed consisted of 370 pairs of fonr-inch plates. 
On the application of the battery to different parts of the body, every 

grimacee, and the finger seemed to point out the spectators. Many per- 
eons were obliged to leave the room from terror or sickness ; one gentle- 
man fainted, and some thought that the body had really eomo to life. 

+ By intensily is here meant the same that is implied by density, aa 
applied to matter. The qaantity of electricity obtained by galvanic action 
is much grealec than can be obtained by the machine ; but it flows, as it 
were, in narrow streams. The action of the electrical machine may be 

275 What affects may be produced by a spark from a voltaic batteryJ 
What precaution is taken in regard to tho lines of the circuit? 

3J6. In how many ways does the electricity produced by the galvanic 
or voltaic battery differ from that obtained by the orduiaiy electrical ma- 
chine? What is the first? What is here meant by intensity; How does 
the quantity of electricity obtained by galvanic action, compare with thai 
obtained by ths machinal 
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duced by the galvanic battery, compared with that ob- 
tained by the machine. 

2d. The very large quantity of efectricity which is 
set in motion by the voltaic battery ; and, 

3d. The continmty of the current of voltaic electricity, 
and its perpetual reproduction, even while this current 
is tending to restore the equilibrium,* 

A commoa electrical battery may be charged from a voltdc 
batt«ry of sufficient size ; but a battery construeted of a small 
number of pairs, even though the piates are large, furnishes no 
indication of attraction or repulsion equal to that which is given 

compared to a inighly torront, dashiug and exhausting itself Lq one leap 
from a piecipitous height. The galvanic action may be compared to a 
steady stream, supplied by au iiieihauslihlB fountain. In other words, the 
momentum of the electricity eioited by galvanism is less than (hat from 
(he electrical machine; but Ihe qaaatity, as has been stated, in greater. 

• Whenever an electrical battery is charged, how great soever may he 
tbe quantity that it contains, the whole of the power is at once eiipended, 
as eoon as the circait is completed. Its action may be sufficiently ener- 
getic while it lasts, bnt it is exerted only for an instant, and like the de- 
structive operation of lightning, can effect, during its momentary passage, 
only sudden and violent changes, which it is beyond human power to reg- 
ulate or control. On the contrary, (he voltaic battery continues, for an 
indeHnJte time, to develop and supply vast quantities of electricity, which, 
far from being lost by returning to their source, circulate ui a perpetual 
stream, and with undiminished force. The cfiects of this continued cur- 
rent on the bodies subjected to its Bction, will, therefore, be more definite, 
and will be constantly accumulating; and their amount, in proceas of 
time, will be incomparably greater than even those of the ordinary elec- 
trical exploaou. It is therefore found that changes in the composition of 
bodies are effected hy galvanism, which can be accomplished by no other 
means. The science of Galvanism, therefore, has extended the field, and 
multiplied the means of iuvestigalioa in the kuidred scieuces, especially 
that of Chemistry. 

To what may the acUon of the electrical machine be compared? To 
what may the galvanic aolioii be compared? What is the Beoond way in 
which they differ 7 What is the third ? What is said in the note with 
regard to the third circumslanoe in which the electricity obtained by the 
orilinary electrical machine differs from that produced by the galvanic 
battery 1 What is said of the effects of this continued current on the bodies 
subjected to iUactJonT 
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by tlie feeblest degree of excitation to a piece of sealing-wax. 
A yalvanic batteiy, consisfing of fifty pairs of plates, will alfect 
a delicate goldleaf electrometer; and, with a series of one 
thousand pairs, even pith balls are made to diverge, 

277, The effect of the voltaic pile on the animal 
body depends chiefly on the number of plates that are 
employed ; but the intensity of the spark and its chemi- 
cal agencies increase more with the size of the plates, 
than with their number. Galvanism explains many 
facts in common life. 

1. Porter, ale, or strong beer, is said to have a peculiar taste 
when drunk from a pewter vessel. Tlie peculiarity of taste is 
caused by the galvanic circle formed by the pewter, the beer, 
&c., and the moisture of the under lip. 

Works of metals, the parts of which are soldered together, 
soon tarnish in the places where the metals are joined. 

Ancient coins, composed of a mixture of metal, have crum- 
bled to pieces, while those composed of pure metal have been 
uninjured. 

The nails and the copper in sheathing of ships are soon 
corroded about the place of contact. These are all the effects 
of galvanism. 

There are persons who profess to be able to find out seams 
in brass and copper vessels by the tongue, which the eye 
cannot discover ; and, by the same means, to distinguish tlie 
base mixtures which abound in gold and silver trinkets, 

2. Fi-om what has now been stated, it will be seen that the 
effects of galvanic action depend on two circumstances, namely ; 
1st, the size of the plates employed in the chcuit ; and, 2dly, 
the number of the pairs constituting a battery. But there is 
a remarkable circumstance to be noticed in this cc 
namely, that tiiere is one class of facts dependent o 
tension of the size of the plates, and another on the ir 
their number. The power to develop heat and magnetism, is de- 
pendent im the ske of the plates, that is, on the extent of the 
suifaces acted upon by the chemical agent ; while the power to 
decompose chemical compounds, and to affect the animal sys- 
tem, is affected in a greater ratio by the increase of the number 
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of the pairs. Batteries constructed of large plates are some- 
times called Calonmotors,"' from their great power of pro- 
ducing heat. They usually consist of fi'om one to eight pairs 
of plates. They are made in various forms ; sometimes the 
sheets of copper and zinc are coiled in concentric spirals, 
sometimes pkced side by side; and they may he divided into 
a great number of small plates, provided that all the zinc plates 
are conneeted together, and all the copper plates togeth^, and then 
that the experiTiienls are performed in a ehawnel of communication, 
opened between the sets of plates, ajid not hetween pairs as in 
//ie common battery, ior it is immaterial whether one large sur- 
face be used, or many small ones electrically connected to- 
gether. The effect of all these arrangements, by which the 
metallic surface of a single pair is augm.ented, is to increase tke 
quantity produced. 

3, The galvanic or voltaic battery is one of the moat valua- 
ble acquisitions of modern science. It has proved in many in- 
stances the key by which science has entered into the innermost 
recesses of nature, and discovered the secret of many of her 
operations. It has, in great measure, lifted the hitherto im- 
penetrable veil that has concealed the mysterious workbgs in 
the material world, and has opened a field for investigation 
and discovery as inviting as it is boundless. It has stiengthen- 
ed the siglit, and enlarged the view of the philosopher and 
tlie ntm of science, and given a degree of certsinty to scien- 
tific inquiry hitherto known to be unreaclied, and supposed to 
be unattainable ; and if it has not yet satisfied the hopes of the 
Alchymist, nor emulated the gold-converting touch of Midas, 
it lias shown, almost to demonstration, that science may yet 
achieve wonders beyond the stories of Mythology, and realize 
the familiar adage that " truth is stranger than fiction." 

* The name Calorimotor (that is, the motter of heat) was applied bv 
Dt. Mare of Philadelphia lo a very powerful apparulua which he ooiislru-t- 
ed, and which he found possessed of a. very remarkable power iu producingf 



What are batteries constructed of large platee eometiinea called? Why? 
Describo them. Upon what principle is the calorimotor constructed ? Are 
galvanic batteries of valuel 
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NATURAL PHILOSOPHY 



CHAPTER XIII. 

>MAGNETI8H. 



278. Magnetism treats of the properties and effects 
of the magnet J or loadstone,* 

There are two kinds of magnets, namely, the native 
or natural magnet, and the artificial. 

The native magnet, or- loadslone,f is an ore of iron, 
found in iron mines, and has the property of attracting 
iron and other substances which contain it. 

A permanent artificial magnet is a piece of iron to 
which permanent magnetic properties have been com- 
municated. 

For all purposes of accurate experiment, the artificial 
is to be preferred to the native magnet. 

If a straight bar of soft iron he held in a vertical position, 
(or, EtiiU better, in a position slightly inclined to the perpea- 
dioular, the lower end deviating to the north,) and struck 
several smart blows with a hanuner, it will be fo\md to have 

■ That part of science which relates to the development of magnetlsin 
by meana of a current of electricity, will bo noticed under the head of 
Eleetro-M^netisni, in which connection will also bo mentioned the de- 
velopment of electricity by magnetiem, to which the term Magneto-Elac- 
tricity has been applieil. 

t Certain ores of iron are found to be natnrally poesessed of magnetic 
properties, and are therefore called natural or aative magnets, or load- 
stones. Besides iron and some cf its compounds, itickel and perhaps cobalt 
also possess magnetic properties. But all conductors of electricity are ca- 
pable of eiorting the magnetic properties of attraction and repulsion while 
conveying a current of electricity, aa will be shown under the head of 
E lee tro-M agnetiem. 

278. Of what does Magnetism treat? How many kinds of magnets 
are there? What are they! Wiiat is the native magnet? What prop- 
erty does it poeseasT What is an artificial magnet? What magnet is 
purposes of accurate experiment 7 How can an artuk'ial 
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acquired, by ihis process, all the properties of a magnet ; or, 
hi other words, it will become an artificial magnet. 

279. The properties of a magnet are four ; namely, 

1. Polarity. 

2. Attraction of immagnetic iron. 

3. Attraction and repulsion of magnetic iron, 

4. The power of communicating magnetism to other iron. 

Besides these properties the magnet has recently been dis- 
covered to he possessed of electrical properties. These will he 
considered in another connexion. 

280, By the polarity of a magnet is meant the prop- 
erty of pointing, or turning to the north and south poles. 
The end which points to the north, is called the north 
pole of the magnet, and the other the south pole. The 
attractive power of a magnet is strongest at the poles." 

When a magnet is supported in such a manner as to 
move freely, it will spontaneously assume a position 
directed nearly north and south.f 

There are several ways of supporting a magnet, so as to 
enable it to manifest its polarity. First, by suspeiidiiig it, 
accurately balanced, from a string. Secondly, hy poising it on 
a sharp point. Thirdly, by attaching it to some buoyant sub- 
stance and allowing it to float freely on water, 

• The attractive power of a magnet is gsiierally stated to bo greatest 
al the poles; hut the actual poles, or points of greatest magnetic inteusity' 
iu a steel magnet, are not exactly at the ends, but a little within them. 

f The points to which the poles of a magnet turn are the magnetic 
poles. These do not exactly coincide with the astronomical poles of the 
earth ; hut although the value of the maguetic ueedle has been predicated 
ou the supposition that its polarity is a tendeucy to point exactly to the 
north and south poles of the earth, the recent discovery of the magnetic 
poles, as the paints of sttractioii, hae uot depreciated the value of the com- 
pass, because the variation is known and can be corrected. 

279. What is the first property of the magnet? Second) Third? 
Fourth ? 

260. What is meant by the polarity of a magnet? Where is the at- 
tractive power of a magnet the strongest 1 When will a magnet assume 
a poeilion directed nearly north or south t What is the north polo of the 
magnet? What is the south pole? In what ways can a magnet be sup- 
ported so as to enable it to manifest its polarity 1 
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282. A magnet may communicate its properties to 
other unmagnetized bodies. But these properties can 
be conveyed to no other substances than iron, nickel, or 
cobalt, without the aid of electricity.t 

All permanent natural and artificial magnets, as well 
as the bodies on which they act, are either iron in its 
pure state, or such compounds as contain it. 

The powers of a magnet are increased by action, and 
are impaired and even lost by long disuse. 

» There ia here a close analogy between the attractive and repulsive 
powers of the poative and the uegative forms of electricity, and (he north- 
ern and sOQlhern polarities of the magnet. The same law obtains with 
regard to both, namely — Seitoeen like powers there ia repuiaion; between 

t The aocnracy of the above atatemenl may, perhaps, be questioned, 
since Coulomb has discovered, that " all solid bodies are susceptible oj 
magnetic influence." But Ihe " influence" ie perceptible only by the 
nicest tests, ajid under peculiar circumstances. [See Electro-Magnetism.] 

381. How do the same and different poles of a maguet atfect each other? 
What is said with regard to the attraction of magnets, whether native or 
artificiall What analogy is there between the attractive and repulsive 
powers of the ditlerent kinds of electricity, and the northern and flouthero 
polarises of the magnet? 

962. Can a maguet communicate its properties to other bodies? To 

BtanceB are all natural and artificial magnets, as well as the bodies on 
which they act, composed? How can the pO'.vera of a magnet be in- 
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1. When the two poles of a magnet are brought together, 
so that the magnet resembles in shape a horse-shoe, or the 
capital letter U, it is called a horse-shoe magnet, or a XJ mag- 
net, and it may be made to sustain a considerable weight by 
suspending substances from a small iron bar, extending from 
one pole to t!ie other. This bar is called the keeper. A small 
addition may be made to the weight every day. 

2. Soft iron acquires the magnetic power very readUy, and 
also loses it as readily, — hardened iron or steei acquires the 
property with difficulty, but retains it permanently. 

283. When a magnet is broken or divided, each part 
becomes a perfect magnet, having both a north and 
south pole. 

This is a remarkable circnmstance, since the central part of 
a magnet appears to possess but little of the magnetic power, 
— but when a magnet is divided in Ike centre, this very part 
assumes the magnetic power, and becomes possessed, in the 
one part, of the north, and in the Other, of the south polarity. 

384. The magnetic power of iron or steel resides 
wholly on the surface, and is independent of its mass.* 

" In this respecl there is a strong reaeroblancB between magnetiem and 
electricity. Electricity, as has already been stated, ia wholly confiued to 
the surface of bodies. In a few words, magnetism anii_electticily may be 
said to resemble eacb other in the following particulars; 

1. Each consists of Iwa Epecres, niunely, the vitreous and the lesiuous 
(or, the positive and negative) eleolricities ; and the northern and aouthem 
(sometimes called the Boreal and the Astral) polarity. 

2. In both magneWsm and electricity, those of the same name repel, and 
those of different names attract each other. 

3. The laws of indaction in buth are similar. 

4. The influence, in both cases, (as has just been stated,) resides at the 
surface, and iawholly independent of tbair mass. 
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286. Heat weakens, and a great degree of heat de- 
stroys the power of a magnet ; but the magnetic attrac- 
tion is undiminished by the interposition of any bodies, 
except iron, steel, &c. 

Electricity frequently changes the poles of a magnet ; and 
the explosion of a small quantity of guapowder, on one of the 
poles, produces the same effect. 

Electricity, also, sometimes renders iron and steel magnetic, 
which were not so before the charge was received. 

286. The eiTect produced by two magnets, used to- 
gether, are much more than double that of either one 
used alone. 

When a magnet is suspended freely from its centre, 
the two poles will not he in the same horizontal direc- 
tion. This is called the inclination or the dipping of 
the magnet.* 

287. The magnet, when suspended, does not in- 
variably point exactly to the north and south points, 
but varies a little towards the east or the west. This 
variation differs at different places, at different seasons, 
and at different times in the day.f 

• The tendency of a magnetic needle to dip Is corrected in the maii 
ner'a and EUrveyor'H compasses, by making the south ends of llie needles in- 
tended for use in northern latitudes somewhat heavier than the north ends. 
Compass-needlee, intended to bo employed on long voyages where gi-eat 
variations of latitude may be expected, are furuished with a small sliding 
weight, by ^e adjusting of which the tendency to dip may be counter- 
acted. The cause of the dipping of the iteedie is the eitpeiior attraction 
caused by the closer ptoiimity of the pole of the magnet lo the mi^uelJo 
pole of the earth. In north latitude, the north pole of the needle dips ; in 
aoulh latitude the so ilh pole 

t Tho variation ot the magnetic needle from what has been supposed 
its ttue polaritv »aH a phenomenon that for centuries had baffled the 

285. Vt hat elFect has heat on the power of the magnet T By what is 
'tho magnet c altracliou d mm shed ? What effect has electricity on the 
poles of a magnet ) W hat effect has electricity sometimes on iron aud steel T 

236. W Iiat proportion do the efiects produced by two magnets, used to- 
gether, bear to that of either, used alone f What is meant by the inolina- 

invariably paint to the north 
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MAGNETISM. S3T 

1. The science of magnetism has rendered immense advan- 
t:iges to commerce and navigation, by meiins of the mii:iner's 
compass.* The mariner's compasB consials of :i magnetized bar 
of steel, called a needle having at its centre i cap fitted to it. 



dQOmaly The earth has, iu fact, 
four magiielio poles, two of wl ch are strong and two are weak. The 
GtroiigfiBt north pole is in Ai er oa the weakest \s a The earth itself 
ie conaidered as a magnet, or rati ar, as composed n part of maguatic anb- 
Btaiioes, ao that iU action at the anrfaca is irregular. The variation of the 
needle froni the true geographical meridian is therefore subject to chan^'es 
mote or leas irrognlar. ' 

Thia subject Is very ably treated in " Davis' Mannal of Magnetiam," 
<odi^Dn of 1S4T,) to which the student Is referred, as pobably tiie best 
treatise on the subject (hat liaa ever been published. Mr. Davis ja one of 
thoao Bcientific and skilful mechanics, fof whom there are uol a few among 
U3,) who have, as it were, forced their way into the temple of science amid 
diacoLiragemanta and difficulties, but have deposited richer gifts on the 
altar than most of those whose contributions ware eipected. He has 
originated many improvements in this department of science ; and his de- 
votion to the subject has probably rendered him as familiar with ull the 
peculiar plieiiomena relatjjig to it, as any one in or out of the counfry. 
Hia address is, Daniel Davis, Jr., Maguetical Instrument Maker, 4S9 
Wasbiugtan-street, Boston. 

* The invention of the mariner's compass is uaually ascribed to Flavio 
de Melfi, or Flavio Gioia, a Neapolitan, about the year 1303. Some au- 
tnoriljea, however, aaaert that it was brought from China by Marco Paolo, 
a Venetian, in laM. The invention is also claimed both by the French 
and English. 

Tlie value of this disoovery may bo estimated from the conffldoration, 
that, before the use of the conipase, mariners seldom trusted themselves 
out of sight of land \ they were unable to make long or distant voyages, as 
they had no means tc liud their way back. This discovery enabled them 
to liiid a way where all is trackless ; to couduct their vessels through the 
mighty ocean, out of the sight of laud ; and to prosecute those discoveriea, 
and perform those gallant deeds, which have immortalized the namea of 
Cook, of "La Perouse, Vancouver, Sir Francis Drake, Nelson, Pairy, 
Franklin, and others. 

What advantage has the science of magnetism rendered to commerce 
whom is the inveiilion of the mariner's compass usually ascribed 1 How 
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wliii;h is supported on a sharp -pointed pivot fixed in the base 
of the instrument. A circular plate, or card, the circumference 
of which is divided into degrees, is attached to the needie, and 
turns with it. On an inner circle of the card the thirty-two 
points of the mariner's compass are inscribed* 

2. The needle is generally placed under the card of a mari- 
ner's compass, so tliat it is out of sigiit; but small needles, 
used on land, are placed above the card, not attached to it, 
and the card is permanently fixed to tlie box. 

288. The north pole of a magnet is more powerful in 
the northern hemisphere, or north of the equator, and 
the south pole in the southern parts of the world. 

1. When a piece of iron is brought sufficiently near to a 
magnet, it becomes itself a magnet ; and bars of iron, that 
have stood long in a perpendicular situation, are generally 
found to be magiietical. 

2. Artificial magnets are made by applying one or more 
powerful magnets to pieces of soft iron.f The end which is 
touched by &e north pole becomes the south pole of the new- 
magnet, and that touched by the south pole becomes the 
north pole. The magnet which is employed in magnetizing a 
st«el bar loses none of its power by being thus employed ; and 
as the effect is increased when two or more magnets are used, 
with one magnet a number of bars may be magnetized, and 
then combined together ; by which means their power may be 

" The compass is generilly fitted by two sets of axes to an outer boi, 
BO that it always retHins a liorizontal position, even wlien tlie vessel rolls. 
When the arlificial magnet or needie is kept tlius freely suapeuded, so 
that it may turn north ur south, the pilot, by looking at its position, can 

needle varies a little from a. correct polarity, yet this variatiou is neither 
so great, uor so irregular, as seriously to impair its use as a guide to Ihn 
vessel in ilE course over the palhiess deep, 

t This mode of making artificial magnets is likely to be wholly tuper- 
seded by the new mode hy electrical aid, vhich will be noticed in con- 
uexiou with Electro- MagDGtism. 

28B. Where are the north and south poles of a magnet the most power- 
ful ! What effect has a magnet on a piece of iron, when it is hroiight 
BuUicieutly near to itT How are artificial magnets made? Does the mag- 
uet which is employed in magnetizing a steel bar lose any of its power by 
beiu)r ihiiH employed' 
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indefinitely increased. Such an apparatus is called a ma/jnelic 
pmijazine* 

3. A magnelac needle is made by fastening the steel on a 
piece of board, and drawing magnets over it from the centre 
outwards. 

4. A horse-shoe magnet should be kept armed, by a small 
piece of iron or steel, connecting the two poles. 

5. Interesting experiments may be made by a magnet, even 
of no great power, with steel or iron filings, smtill needles, 
pieces of ferruginous substances, and black sand, which contains 
iron. Such substances may be made to assume a variety of 
amusing forms and positions, by moving the magnet under the 
card, paper, or table, on which they are placed. Toys, rep- 
resenting fishes, frogs, &c., which are made to appear to bit* 
at a hook, birds floating on the water, &c., ai*e constructed on 
magnetic principles, and sold in the shops. 

• Thers are many melhoda of making artificial magnels. One of the 

over bars of soft iron. 

la making bar (or etratght) magnets, the hare must be laid lengthwise, 
OH a flat table, with the marked end of one bar against the unmarked end 
of the next; and in making horee-shoe magnets, the pieces of steel, pre- 
viously beut into (heir proper form, mnst be laid with their oiids in con- 
tact, so as (o form a figure like two capital U's, with their tops joined to- 
gether, (has C3, ebserviug that the marked ends come opposite to those 
which are net marked ; and then, in either case, a strong hotee-shoe mag - 
net is to be passed, with moderate pressure, over tlie bais ; taking care to 
let the marked end of this magnet precede, and its unmarked end follow 

mence the process at a mark, and then to proceed to an unmarked end. 
and enter the next bar at its marked end, and so proceed. 

After having thus passed over the bars ten or a dozen times on each 
Bide, and in the same direction, as to the marks, they wdl be converted 
into tolerably strong and permanent magnets. But if, after having con- 
over the bars in a contrary direction, or if its south polo ehou'd be permit- 
ted to precede, after the north pole has been first used, all the previously 
excited magnetism will disappear, and the bars will be found in their 
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289. Electro-Magnetism relates to magnetism which 
is induced by the agency of electricity.* 

" The passage of the two kinds of elBClrieily (namely, the poalive aud 
the ucgative) through their circuit, is called the electric currents ; aiid tlia 
Ecience of Electro-Magnetism e^iplaics the phenomena attending those 
currents. It has already been stated, that, from the conneetiitg win^s of 
the galvanic circle, or battery, there is a conEtant current of electricity 
passing fi™n the zinc to the copper, and from the copper to the linc plates. 
In the single circje these currents will be negative fretn the zinc, and pos- 
itive from the copper; but in the compound circles, or the battery, the 
CDirent of positive electricity will flow from the liuc to the copper, and 
the current of negatve electricity from the copper to the linc. From the 
effict produced by electricity an the magneto needle, it had been coujec- 
tored, by a nnmbor of eminent philosophera, that maguetiam, or magnetic 
attraction is in some manner caused by eJectricity. In the year 1819, 
Professor (Ersted of Copeuhagen, made the grand discovery of the power 
of the electric current to induce magnetism ; thus proving the oounejiioa 
betweeu magnetism and eiectrieity. In a short time after the discovery 
of Frofessor (Ersted, Mr. Faraday discove d th I ' i spark could 

be taken from a magnet ; and thus the cm so agnetism and 

electricity was fully proved. In a paper p w ars ago, this 

distinguished phdosopher has very ably nia d d tity of com- 

mon electticlty, voltaic electricity, magn ta y electro-mag- 

netism,) thermo-electricity, and animal ec Th p enomena, ex- 

hibited ia all these five kinds of electricit d ff m d gree and the 

state of intensity in the action of the fl d Th d ry of Professor 

CEisted has been follotved out by Ampere, who, by his mathematical and 
eiperimental researches, has presented a theory of the science lese ob- 
noxious to objections than that proposed by the Professor. The discovery 
of CErated was limited to the action of [he electric current on needles prc- 
oioaiij magnetized; it was afterwards ascertained by Sir Humphrey 
Davy, and AL Arago, that magnetism may be developed in steel not pre- 

289. Ofwhat does Electro-Magnetism treat? Note. What is the elec- 
tric current? What does the science of eleotro-magneliaraeiplain? What 
is the difference bolwoen the currenta in the single and the compound cir- 
cles ? What is it thought causes magnetic attraction ? What discovery 
was made in the year 1819 ? By whom ? What further discovery was 
made soon after, and by whom? What does this philosopher mMutaiiiJ 
Uow many kinds of electricity are there? How do the phenomena ex- 
hibited in these five kinds of electricity difier t 
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290. The principal facts in connexion with the science 
of electro-magnetism are, — 

1. That the electrical current, passing uninterruptedly* 
through a wire, connecting the two ends of a galvanic bat- 
tery, produces an effect upon the magnetic needle. 

2. That electricity will induce magnetism. 

3. That a magnet, or a magaatic magaane, will induce 
electricity.| 

4. That the combined action of electricity and magnetism., 
as described in this science, pioduces a rotatory motion of 
certain kmds of bodies, m a dnection pointed out by certain 
Ian a 

5 That the periodical variation of the magnetic needle 
from the true meiidian, or, in otjier words, the variation of 
the compass, is caused by the mfluence of the electric cur- 

6 That the magnetic mfluence b not confined to iron, steel, 
&z , but thfit most metals, and many other substances, may 
be converted into temporarj magnets by electrical action. 

7 That the magnetic attraction ot iron, steel, &c. may be 
prodigiously increased by electrical agency. 

vioualy posseBsing.il, if She steel be placed in the eleclric current. Both 
of these pliilosophsrs, iudepeudentiy of eacli other, ascertained that the 
nniting wire, becoming a magnet, attracts iron filings, and coilectfl Buffi"- 
cient to acquire tlie diameter of a common quill ; but the moment the 
connexion is broken, all Ehe tilings drop off, and the attraction diminishes 
with the decaying energy of the pile. Filings of brass or copper, or wood 
shavings, ate uot attracted at all. 

* All the effbcls of eleclricity and galvanism (hat have hitherto been 
described, have been produced on bodies inlerpoted between the extremi- 
ties of conductors, proceeding from the positive and negative poles. It 
was not known, until the discoveries of Professor (Ersted were made, that 
any effect could be produced when the electric circuit Is uninUrrapted. 

t Tbe consideration of the subject of electricity, induced by magnetism, 
properly belongs to the subject of Magneto-Electricity, in which conneiioa 
it will be particularly noticed. 

Note. Can magnetism be developed in steel not previously possBBsing 11 ,' 
Where must the steel be placed ? What property has tbe uniting wire ! 

ayO. What are the principal facts in oouiiexiou with the Bcience of elec- 
tro-magnetism 7 WhatiBlhefirsl7 What is the second? What is the 
third) What ia the fourth 7 What is the fifth 7 What la the Mith r 
What is the seventh ? 

li 
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8. That the direction of the electric current may, in. all 
cases, be ascertained.* 

9. That magnetism is produced whenever concentrated elec- 
tricity is passed through space. 

10. That while in common electrical and magnetic attrac- 
tions and repulsions, those of the same name are mutually 
repulsive, and those of different names attract each otlier; in 
the attractions and repulsions of electric currents, it is precisely 
tlie reverse, the repulsion taking place only when the wires 
are so situated that the currents are in ojiposile direction. 

291. A magnet freely suspended tends to assume a 
position at right angles to the direction of a carrent of 
electricity passing near it. 

1. If a wire, which connects the extremities of a voltaic 
battery, be brought over, and parallel with a magnetic needle 
a.t rest, or with its poles properly directed north and south, 
that eud of the needle next to the negative pole of the bat- 
tery will move towards the west, whether the wire be on one 
side of the needle or tbe other, provided only, that it be 
parallel with it. 

Again, If the connectmg wire be lowered on either side of 
the needle, so as to be in the horizontal plane in which the 
needle should move, it will not move in that plane, but will 
1 tendency to revolve in a vertical direction ; in which, 
r, it will be prevented from moving, ia consequence of 
the attraction of the earth, and the manner in which it ia sus- 
pended. When the wire is to the east of the needle, the pole 

* This is done by means of the magnetic needle. If a sheet of paper 

be dropped looHely on the paper, the particles will be dispuied to arrange 
(hemeeives in a regular order, and in the direction of curse lines. This 
is, uudoublediy, the effect of aooie influence, whether that of eleottioity. 

Where faave the bodies been supposed to be placed, in all the eftecls of 
electricity and gulvanis-n that have hitherto been described? What is the 
eighth fact m conueiijn with the ecieuce of electro-magnetism ? What is 
the ninth? What is the tenth? How can the direction of the electric 
current be ascertained ? 

291. If a magnet be freely suspended, and a current of electricity he 
passed near it, what direction will it uxsume ? What illuetraliou of this iB 
given? What secoud illuslratou is given? 
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nearest to the neg^afiYe extremity of the battery will he ele- 
vated ; and when k is on tlie west side, that pole will be 
depressed. 

2. If the connecting wire be placed below the plane in 
which the needle moves, and parallel with it, the pole of the 
needle next to the negative end of the wire will move towards 
the east ; and the attractions and repulsions will be the re- 
verse of those observed in the former case.* 

292. The two sides of an unmagnetized steel needle 
will become endued with the north and south polarity, 
if the needle he placed parallel with the connecting 
wire of a voltaic battery, and nearly or quite in contact 
with it. But if the needle be placed at right angles 
with the connecting wire, it will beSome permanently 
magnetic ; one of its extremities pointing to the north 
pole and the other to the south, when it is freely sus- 
pended and suffered to vibrate undisturbed. 

293, Magnetism may be communicated to iron and 
steel by means of electricity from an electrical machine ; 
but the effect can be more conveniently produced by 
means of the voltaic battery. This phenomenon is 
called electro-magnetic induction. 
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393. Huw may the two Bides of an unmagnetized steel needle become 
endued with the north end south pol&rity ? Under what circumstances wiU 
It become penuaneiitly magnetic ? 

293. How can magnetism bo commuuicated to iron and BteelT How 
Dou the efiect be more cenvenieutly produced' 
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1 If a hehx* be fnrmid of wire, and a bai of '^teet be en- 
clo'ied witlun the helis, the bar will immedi-itely become mag- 
netiL by applying the conducting wites of the battery to the 
e\trenuties of the helix The electncity from the common 
electrical machine, when paissed through the belli, will pro- 
duce the same effect 

2 If such i. belli be so placed thit it may move freely, as 
when made to float on a basin of w<iter, it will be attracted 
and repelled by the opposite poles of d common magnet. 

294. II a magnetic needle be surrounded by coiled 
wire, covered with silk, a very minute portion of elec- 
tricity through the wire will cause the needle to deviate 
from its proper direction. 

A needle thus prepared, is called an electro- magnetic mul- 
tiplier. It is, in fact, a very delicate electroscope, or rather 
galvanometer, — capable of pointing out the direction of the 
electric current in all cases. 

295. Among the most remarkable of the facts con- 
nected with the science of electro- magnetism, is what 
is called the electro-magnetic rotation. Any wire, 
through which a current of electricity is passing, has a 
tendency to revolve around a magnetic pole, in a plane 
perpendicular to the current ; and that without reference 
to the axis of the magnet, the pole of which is used. In 
like manner a magnetic pole has a tendency to revolve 
around such a wire. 

1. Suppose the wire perpendicular, its upper end positive, 
or attached to the positive pole of the voltaic battery, and its 

• The hdii: \e a spiral line, or a line in the form of a corkecrew. The 
wire which forma the helix should bo coated with some uon-cond acting 
substauce, such as »Ik wound around it; as it may thea he formed into 
close coils, without sut!ering the electric iliiida to paes from surface to sur- 
face, which would impair its effect 

What illuBtratioii of this is given T Natt. What is Ihe helix? Why 
should the wire, which forms the helix, be coated with some non-conduct- 
ing enhstsDce? What is said uf a helix, if it be placed so that it m:iy 
move freely? 

394. How can the magnetic needle be made ta deviate from its proper 
direction? What is a. needle thus prepared called? 

295. What is the electro-magnetic rotation? What illustration is giveni 
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lower end negative ; and let the centre of a watch-dial repre- 
sent the magnetic pole : if it be a noith pole, the wire will 
rotate round it in the direction that the hands move ; if it be 
a south pole, the motion will be in the opposite direction. 
From these two, the motions which would take place if the 
wire were inverted, or the pole changed, or made to move, 
may he readily ascertdned, since the relation now pointed out 
remains constant. 






igem 



:s apparatus, invented by 




Mr. Faraday, to illustrate the electro -magnetic rotation. The 
central pillar supports 
a piece of thick cop- 
per wire, which, on 
the one side, dips into 
the mercury contained 
in a small gloss cup 
a. To a pia at the 
bottom of this cup, a 
small cyiindrical mag- 
net is attached by a 
piece of thread, so that 
one pole shall rise a 
little above the sur- 
face of the mercury, 
and be at Uberty to 
move around the wire. The bottom of the cup is perforated, 
and has a copper pin passing through it, which, touching the 
mercury on the inside, is also in contact with the wire that 
proceeds outwards, on that side of the instrument. On the 
other side of the instrument, h, the thick copper vrire, soon 
after turning down, terminates, but a thinner piece of wire 
forms a communication between it and the mercury on the 
cup beneath. As freedom of motion is regarded in the wire, 
it is made to communicate with the former by a ball and 
socket-joint, the ball being held in the socket by a piece of 
thread ; or else the ends are bent into hooks, and the one is 
then hooked to the other. As good metallic contact is re- 
quired, the parts should be amalgamated, and a small drop 
of mercury placed between them; the lower ends of tbe wire 

What does Fig. 145 represent? Explaiu the figvire. How is the free- 
dom of molioii, which is teqaaeA an the wire, oht^ned? How can Ih* 
met 1 lie contact which is raquired be oblained ^ 
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should also be amalgamated. Beneiith the hanging wire, a 
small ciroular magnet is fixed in the socket of the cup b, so 
that one of its poles is a little above the mercury. As in the 
former cup, a metallic connexion is made through the bottom, 
from the mercury to the external wire. 

If now the poles of a battery be connected with the hori- 
zontal external wires, cc, the current of electricity will be 
through the mercury and the horizontal wire, on the pillar 
which connects them, and it will now be found, that the 
moveable part of the wire will rotate around the magnetic 
pole in the cup b, and the magnetic pole round the fixed wire 
in the other cup a, in the direction before mentioned. 

By using a, very delicate apparatus, the magnetic pole of 
the earth may be made to put the wire in motion. 

3. Fig. 146 represents another ingenious Fig. UB, 
contrivance, invented by M. Ampere, for illus- 
trating the electro- magnetic rotation ; and it 
has the advantage of comprising within itself 
the voltaic combination which is employed. It 
consists of a cylinder of copper about two inches 
high, and a litt]e less thaji two inches internal 
diameter, within which Is a small cylinder, about 
one inch in diameter. The two cylinders are con- 
nected together by a bottom, having an aperture 
in its centre the size of the smdier cylinder, 
leaving a circular cell, which may be filled with 
acid. A piece of strong copper wire is fastened 
across tlie top of the inner cylinder, and from the middle of 
it rises, at a right angle, a piece of copper wire, supporting a 
very small metal cup, containing a few globules of mercury. 
A cylinder of zinc, open at each end, and about an inch and 
a quarter in diameter, completes the voltaic combination. To 
the latter cyhnder a wire, bent like an inverted U, is soldered 
at opposite sides; and in the bend of this wire a metallic 
point is fixed, which, when inserted in the Uttle cup of mer- 
cury, suspends the zinc cylinder in the cell, and allows it a 
free circular motion. An additional point is directed down- 



If the poles of a battery be connected with the horizontal external wires, 
e c, throughout, what direction will the current of electricity lalte 7 Round 
what polo will the moveable part of the wire rotate? Round what will 
tlie magnetic pole rotate? Whut does Fig. 146 represent ? OfwhatdoM 
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wards from the central part of the stronger wire, wliich point 
is adapted to a small hole at tlie top of & powerful bar mag- 
net. When the apparatus with one point only is charged 
with diluted acid, and set on the magnet placed vertically, the 
zinc cylinder revolves in a direction determined by the mag- 
netic pole which is uppermost. With two points, the copper 
revolves in one direction, and the zinc in a contrary direction. 

4. If, instead of a bar magnet, a horse-shoe magnet be em- 
ployed, with an apparatus on each pole similar to that which 
has now beeu described, the cylinders in each will revolve in 
e directions, The small cups of mercury mentioned in 

■■ preceding description are sometimes omitted, and the 
points are inserted in an indentation on the inverted U.* 

296, The magnetizing power of the conducting wires 
of a battery is very greatly increased by coiling it into 
a helix, into which the body to be magnetized may be 
inserted. A single circular turn is more efficient than a 
straight wire, and each turn adds to the power within a 
certain limit, whether the whole forms a single layer, or 
whether each successive turn encloses the previous one. 

1. When a helis of great power is required, it is compased 
of several layers of wire. Tiie wire foimmg the coil must be 
insulated by being wound with cotton, to prevent any lateral 
passage of tlie current. 

2. Fig. 147 represents a helix on a stand. A bar of soft 
iron, N §, being placed within the helix, is connected with the 

» The pheiiomenonofeleolro-niagnetiG rotation is beautifully illustrated 
by Mr. Davis, in hia treatise ou MagneliBm, to which refareiice has al- 
ready baeu made. He has iuveuted aud prepared a great variety of in- 
genious contrivanoeB for tha illuEtration of this subject, aud hit) book shoald 
be in the handd of all who desire a thorough acqaaintanca with all that 
has been discovered in the new department of science in which magnetiEm 
and electricity are combined. The author has been indebted to Mr. Davis" 
Tolame for a number of Biplanalions which are incorporated in this work. 

Hpw wil! the cylinders in each revolve, if, instead of a bar-niagnet, 
a horse-shoe magnet be employed, with an apparatus on each pole ^niilar 
to that which has now been described? 
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battery by means of the screw-cups on the base of the stand. 
Tbe two extremities of the bar instantly become strongly 




su m d Bu jon h nn n ii, b k e bar 

m n p w nd h u p nd d w II. 

Th ba be m d nate y up d d p ch 

magnetizable articles as are brought near it, as the connexion 
with the batffery is made or broken. 

3. A steel bar placed within the helix acquires the polarity 
less readily, but retains it after the connexion is broken. 
Small rods or bars of st«el, needles, &c. may be made perma- 
nent magnets in this way. 

297. A bar temporarily magnetized by the electric 
current is called an electro-magnet. 

To ascertam the poles of an electro -magnet it must be ob- 
served that the north pole will he at the farthest end of the helix 
when the current circulates in the direction of the hands of a 

298. Magnets of prodigious power have been formed 
by means of voltaic electricity. 

997. What ia a bar called that is temporarily raagnetined 1 How do you 
ascertain tho poles of an elsctro-magHet 1 
S98. How hava magoela of great. power beeu formed? 
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1. An electro- magnet was constructed by Professor Henry 
and Dr. Ten Eyck, which was capable of supporting a weight 
of 760 pounds. They have subsequently constructed another, 
which will sustain 2063 pounds. It consists of a bar of soft 
iron, bent into the form of a horse-shoe, and wound with 
twenty-sis strands of copper bell-wire, covered with cotton 
threads, each thirty-one feet long; about eighteen inches of 
the ends are left projecting, so that only twenty-eight feet of 
each actually surround the iron. The aggregate length of the 
coils is thetdbre 728 feet. Each strand is wound on a little less 
than an inch : in the middle of the horse-shoe it forms three 
thicknesses of wire ; and on the ends, or near the poles, it is 
wound so as to form six thicknesses. Being connected with a 
battery consisting of plates, containing a little less than forty- 
eiglit square feet of surface, the magnet supported the prodi- 
gious weight stated above, namely, 2063 pounds. 

2. HELtACAI. ElMG. 

Fig. 148 represents a 
liyliacal ring, or ring of 
wiie bent in the form of 
a hehx, with the ends 
of the wire left free to 
be inserted in the screw- 
cups of 3 battery. Two 
semicircular pieces of 
soft unmagnetized iron, 
furnished with rings — 
tjie upper one for the 
hand, the lower one for 
weights — are prepared 
to be inserted into the 
helix, in the manner of 
the links of a chain. As 
soon as the ends of the 
helis: are inserted into 
the screw-cups of the 
battery, the rings will 
be held together with 
great force, by magnetic attraction.* 

• That the attraction ia caused, or iJiat the magaolism is induceiJ by 

What weight was the magnet conBtructed by Prqfesaor Henry and Dr 
Ten Eyck capable of Bupporting? E;[plain the heliacal ring aiiiJ Fig. 148. 
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299. Bars of the U form are most readily magnetized 
by drawing them from the bend to the extremities, 
across the poles of the U electro- magnet, in such a 
way that both halves of the bar may pass at the same 
time over the poles to which they are applied. This 
should be repeated several times, recollecting always to 
draw the bar in the same direction. 

Fig. 149 represents the U electro-magnet, with the bar to 
'Vbcn the bar is thick both surfaces should 




bo drawn across the electro-magnet, keeping each half applied 
to the tame pole To remove the magnetism it is only neces- 
sary to revet se the process by wliich it was magnetized, that 
IS, to draw the bar across the electro -magnet in a contrary 
direction 

the citvulation of electncily arotind the coils, may be proved by the fol- 
lowing mCeieetmg experiment. Hold tbe heliacal ring horixontatli/ over 
a plate of small ni ts and auepend an mimagnetlied bar perpe-ndicu- 
larly on the outside of the ring, over the nails, and there will be no at- 
trdction Suspend the bar perpendicutariy through the helix, and the 
na la uill all attach themselves to it in the form of tangents to the circlefl 
formed by tbe coils of the heliacal ring. 






■e bars of the U form moat readily magnetized? Esplail 
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THE ELECTED- 

300. From the description which has now been given 
of the electro-magnetic power,itwill readilybe perceived 
that a great force can be made to act, simply by bring- 
ing a wire into contact with another conductor, and 
that the force can be instantly arrested in its operation 
by removing the wire from the contact ; in other words, 
that by connecting and disconnecting a helix with a 
battery a prodigious power can be made successively 
to act and cease to act. Advantage has been taken of 
this principle in the construction of the American elec- 
tro-magnetic telegraph, which was matured by Professor 
Morse, and first put into operation between the cities of 
Baltimore and Washington, in 1844.* It comes not 
within the province of this work to enter into a minute 
description of this great invention, but the principles of 
its construction may be brieiiy stated as follows : 

1. An electro-magnet is so arranged with its armature, that 
when the armature is attracted it communicates ite motion to 
a lever, to which a blunt point is attached, which marks a 
narrow .strip of paper, drawn under it by machinery resem- - 
bling clock-work, whenever the electro-magnet is in action. 
When the electro -magaet ceases to act, the armature falls, 
and communicating- its motion to the lever, the blunt point is 
removed from its contact with the paper. By this means, if 
one of the wires from the batt«ry is attached to the screw- 
cup, whenever the other wire is attached to the remmning cup, 
the armature is powerfully attracted by tiie magnet, and the 

* For B particular description of this wonderful invention, the student 
is referred to Davis' Ireutiso on MsgnetiEin, in which the parts are alt de- 
scribed with a minuCeneea which leaves little more to be desired. TJie 
history, also, of the Buceeesive steps by which it was brought lo its present 
degree of perfection, is also to be found in the same connexioD. It will 
be suilicieDt here to state, that it was not until Professor Henry of Prince- 
ton, N. J., had discovered the mode of conslnietiag the powerful electro- 
mapiets which have been described, that this form of telegraph became 



Sxplain the electro-magnetic telegraph. 



>n IV Google 



252 

point on tlie lever presses the paper into tlie groove of a 
roller, thereby making an indentation on the paper coiTe- 
sponding in length to the time during which the contact with 
the battery is mdatained, the paper being drawn slowly un- 
der the roller. 

An alphabet of signs or symbols, is formed by indentations 
of tJie paper varying in length, which is easily read by those 
connected with the telegraph. Thus, the letter e is repre- 
sented by one short mark thus - ; the letter o, by two marks 

thus - - ; the latter a, by a short and a long one thus ; 

the letter / by a short, a long, and a short one, thus ; 

the figure 1 by a short, two long, and a short one, thus 

, By such an arraogement all the letters and the 

nimierals are represented by the telegraph.* A simple con- 
trivance connected with the machinery causes a bell to strike 
when the telegraph commences its operations, and thus ^ves 
warning to the attendant. 

2. It has already been stated that the motion of electricity 
exceeds in velocity even that of light, and that its velocity is 
equal to 288,000 miles in a second of time. The invention 
that thus enables man to communicate with his brother man, 
with a rapidity that sets time and space at defiance, de- 
servedly ranks as one of the greatest ever achieved by human 
ingenuity.-f 

• The following table presents a view ai Morse's TeUgraphic Alphahet 



't The inveatjon of the magnetic telegraph lias been made since tht 
first edition of thie work was published. The aiibjact of Eleotro-Maguet- 
ism va the earliest editions, was closed by the following remarks. So 
early a fulfilment of any portion of them is remsikable and unexpected. 
" The science of Electio-Magaelism is yet in its infancy. The discoveries 
nhich.have rewarded the laboi's of philosophical lesearch are truly won- 
derful ; but man has as yet biit lifted the veil, behind u>hiBh the aiu- 
pendoua operations of nature are carried on. What wonders he -will 
diacoter, should he penetrate the recesses of her laboratory, imagination 
ean-aol oonesiv*. It would have excited do little surprise aioonj; the 
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3. Electro-Ma GNBTISM as a Motitb Power. — The first 
application of electro-niagnetisni as a motive power was made 
by Professor Hemy, but he made no attempt to apply it to 
practical purposes. Dr. Page bas gone further, and sug- 
gested improvements which have overcome some of the ob- 
stacles to the employment of tliis power. But thus far it baa 
been found that the smallest machines present the strongest 
probability of this power becoming available. 



301. Magneto-Electricity treats of the development of 
electricityby magnetism. 

Electric currents are excited in a conductor of elec- 
tricity by magnetic changes taking plate in its vicinity. 
Thus, the movement of a magnet near a metallic wire, 
or near an iron bar encosed in a wire coil, occasions 
currents in the wire. 

1. When an armature, or any piece of soft iron, is brought 
into contact with one or both of the poles of a magnet, it 
becomes itself magnetic by induction, and by its reaction adds 
to the power of the magnet : on the contrary, when removed 
from the contact, it diminishes the power of the maguet, and 
these alternate changes in its magnetic state induce a current 
of electricity. 

2. The most powerful effects are obtained by causing a bar 
of soft iron, enclosed in a helix, to revolve by mechanical means 
near the poles of a steel magnet. As the iron approaches 
the poles, in its revolution, it becomes magnetic ; as it recedes 

phaoBOphets of the last century, had the opinion been advanced, that elec- 
tricity and magiietiam are identical. Perhaps the future philosopher may 
eurprise a generation not very distant, by the annunciation of the discov- 
ery, that attraclion and repulsion of all kindt are to be traced to a common 
source ; that the same influence which binds (he paiticles of a grain of 
sand together, is seen in the vivid fiaah which causes the 'lit lake to 
shine ;' or heard in the ' live thunder,' as it leaps from peak to peak ; or 
known in the unerring guide which it furnishes the mariner in his course 
over the trackless deep ; and admired in the music of the spheres, as they 
harmoniously roll in grand and majestic course in the immeasurable re- 
gions of infinite space." 
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from t}iem, its magnetism disappears : and this alternation of 
magnetic states causes the flow of a current of electricity, 
which may he directed in its couffee to screw-cups, from 
which it may be received by means of wires connected with 
the cups. 

3. Thb MAGKETo-ELEOTHrc Maohiwb. — Fig. " " " 
the magneto-electric machine, in which an t 

Fig. ISO. 




twice at right angles, is made to revolve rapidly in front of 
the poles of a compound steel magnet of the U form. The 
XJ magnet, whose north pole is seen at N, is fixed in a hori- 
zontal position, with its poles as near the ends of the armature 
as will allow the latter to rotate without coming into contact 
with them. The armature is mounted on an axis, extending 
from the pillar P to a small pillar between the poles of the 
magnet. Each of its legs is enclosed in a helix of fine insu- 
lated wire. The upper part of the pillar P slides over the 
lower part, and can be fastened in any position by a binding 
screw. In this way the band connecting the two wheels may 
be tightened at pleasure, by increasing the distance between 
them. This arrangement also renders the machine more port- 
able. By means of the mulliplying-wheel W, which is con- 
nected by a band with a saiall wheel on the axis, the armature 
is made to revolve rapidly, so that the magnetism induced in 
it by the steel magnet is alternately destroyed and renewed in 

Kiplaiii the magnfitn-Heetric machine, Fig, 150, 
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a reverse direction to tlie previous one. When the lega of 
tlie armature are approsichina; the magaet, the one opposite 
the north pole acquires soutn polarity, and tke other north 
polarity. The magnetic power is greatest while the armature 
is passing in front of the poles. It gradually diminishes a.s 
the armature leaves this position, and nearly disappears when 
it stands at right angles with the magnet. As each leg of 
the armature approaches the other pole of the U magnet, hy 
the continuance of the motion, magnetism is again induced in 
it, hut in the reverse direction to the previous one. These 
changes in the magnetic state of the anaature excite electric 
currents in the surrounding helices, powerful in proportion 
to the rapidity with which the magnetic changes are pro- 
duced. 

4. Siioclis may thus be obtained from, the machine, and if 
the motion is very rapid, in a powerful machine, the torrent 
of shocks becomes insupportable — the muscles of the bands 
which grasp the handles are involuntarily contracted, so that 
it is impossible to loosen the hold. The shocks, however, are 
instantly suspended by bringing the metallic handles into con- 
tact* 



302. Thermo-electricity expresses a form of elec- 
tricity developed by the agency of heat.f 

■ For a further eiplauatiou of the oiagneto-elcctFic machine, the stu- 
deat IB referred to Davis' excellent " Manual of Magnetism ;" a volume 
which ought to be iu the hands of all who wish lo become acquainted with 
the HUbjeota of magnotism and chemical electricity. 

f la the year 1SS3, Professor Seebeck, of Berlin, discaisred that cur- 
rents of elactricity might be produced by the partial application of heat to 
B circuit composed exclusively of solid conductois. The electrical cur- 
rent, thus enoited, has been termed Thermo-electric, {from Ihe Greek 
Thermos, which signifiea heat,) to distinguish it from the common gaWaaio 
current ; which, as it requires the hiterventiou of a fluid element, was de- 
nominated a Hydro-electric current. The term Sterfo-eleotrie cnrrent 
has also been applied to the former. In order to mark its being produced iu 
systems formed of solid bodies alone. It is evideul that If, as is supposed 
in the theory of Ampftro, magnets owethoir poculiar properties to the cou- 

,SOa. ^VIlal is thermo-ekctrlcity T 
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1. If tlie junction of two diaamilar metals be lie 
electrical current will flow from the one to the other. 

2. Instead of two different metals, one metal in ■ 
conditions can be used to excite the current. 

3. Metals differ greatly in their power to excite a current, 
when associated in thermo-electric pairs. A current may be 
excited with two wires of the same metal, by heating the end 
of one, and bringing it into contact with the other. This ex- 
periment is most successful when metals are used that have 
the lowest conducting power of heat. 

4. Thermo-electric batteries have been constructed, with suf- 
ficient power to g^ve shocks and sparks, and produce various 
magnetic phenomena, indicative of great magnetic power.* 

tinual circulation of electric curreutfl in their minate parte, these currents 
will come under the deBcriptiou of the itereo-eUctric currents. 

From the views of electricity which have now been given, it appeara 
Ihat there are, strictly speaking, three ttatea of electricity. That derived 
ftom the common electrical machine is in the highest degree of tensioD, 
Bad accumulates until it is able to force its way through the air, which ia 
B perfect non-conductor. In the galvanic apparatus, the currents have a 
smaller degree of tension ; because, although Ihey pass freely through Iho 
metaliio elements, they meet with some impediments in traversing the 
jluid conductor. But in the thermo-electric currents, the tension is re- 
duced to nothing ; because, throughout the whole course of the circuit, no 
impediment exists to its free and uniform circulation. 

• The subject of thermo-electricity is more fully treated in Davis' 
" Manual of MagnetiBraj" to which roforouce has already been made, and 
to which the author acknowledges he has been indebted for much inform- 
ation in the departments of Electricity and Magnetism. 

Note. To what do the magnets owe their peculiar properties? What 
follows from this? How many states of electricity are thoreJ What is 
said of that derived from the common electrical machine 1 What is said 
of that derived from the galvanic apparatus? What is said of Ibe thermo- 
electric corrents T 
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CHAPTER XIII. 



303. Astronomy treats of the heavenly bodies, such 
as the sun, moon, stars, comets, planets, &.c. 

The earth on which we hve is a large globe, or ball, nearly 
eight thousand miles in diameter, and about twenty-five thou- 
sand miles in eircumference. It is known to be round, — frsl, 
because it casts a circular shadow, which is seen on the moon, 
during an eclipse ■ secondly, because tiie upper parts of distant 
object* on its surface can be seen at the greatest distance 
tkrdly it has been cncumna»]^ated It is situated m the 
m dst of the heavenly bodies wh (,h we see u-ound us at 
night and forma one of the number of those bodies and it 
belongs to lint sj tern which hiim^ the sun for its centre 
and being influeni,i.d by its attraction is called the iolar^ 
system 

304 Tiie solar ty stem coiiMsts of tlie sun w hich is m 
the centie 

Of eight primury pianetf nimed Meicur\ ^ enus. 
Earth, Mars, Jupiter, Saturn, Uranus, and Neptune ;J 

Of four Asteroids, or smaller planets, namely, Ceres, 
PalJas, Juno, and Vesta ; 

Of eighteen secondary planets or moons, of which 

■ It IB proper here to remark, that many of the branches of Natural 
Philosophy require iu the student an intimate acquaintance with the prin- 
ciples of mathematiad science. ThiE is particularly the case with as- 
tronomy. As this book is designed for those who have made little progress 
m (he mathematics, the following treatise on astronomy contains those 
facts and principles only of tlio science which are intelligible, without the 
aid of mathematical light, 

t The word mlar means belonging to the sun. 

I This planet was very recently discovered by Vemer, whose name at 
firBt was applied to it. It is now more generally called JVtplune. 

303. Of what does Astronomy treat ? What is said of the earth 7 How 
is the earth known to bo round? Where is it situated? 

304. Of what does tlie solar system consist ? 
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the Earth has one, Jupiter four, Saturn seven, and 
Uranus six ; and 

Of an unknown number of comets.* 

The stars, which we see in the night time, are supposed to be 
Buns, surrounded by systems of pltinets, too distant to be seen 
from the earth. Although they appear so numerous on a 
bright night, they become much more so by the aid of glasses, 

305. The planetsf may be distinguished from the stars 
by their steady light ; while tlie stars appear to twinkle. 
The planets, likewise, seem to change their relative 
plat;es in the heavens, while those luminous bodies 
which are iza,\\%A fixed stars appear to preserve the same 
relative position. 

1. The sun, the moon, the planets, and the fixed stars, 
which appear to us so small, are supposed to be large worlds, 
of various sizes, and at different but immense distances from 
us. The reason that they appear to us so smalt is, that on 
account of their immense distances they are seen tmder a small 
angle of vision. 

2. It has been stated in the early pages of this book, that 
every portion of matter is attracted by every other portion, — 
and that the force of the attraction depends upon the quantity 



, is UDiJoubledly attended 
already beeii diBcoTered- 
ioliwhicli remains for the 



• The planet Neptune, so recently disc 

Whether mote will ever be discoti 

t The meaning of the word planet is properly a wanderer, or a loon- 
dering glar. These luminariea were ao called because they never retain 
the Bame situation, but are constaiillj- changing their relative positiona ; 
while those stars which H[i|>oar to retain their places are called fixed etars. 
The cause of the motion of the planets will be presently explained. 

What are the stars supposed to be7 Do wo see more by the aid a( 
glasECB than without? 

305. How may (he planets bo distinguished from the stars? How are 
the planets distinguished from (be fixed slam? What is the mean- 
ing of the word planet? Why are they called planets ! What are (lie 
fixed stars? What are the sun, moou, planets, and fixed stars auppojed 
to be ? Why do they appear so small ! What has beeii staled with re- 
gard lo the attraction of portions of matter? Upon what force does this 
altraci:oii depend? 



p^h, Google 



ASTRONOMY. 259 

of matter and the distance. As attraction is mutual, wc find tliat 
uU of the heavenly bodies attract the earth ; aod the earth, like- 
wise, attracts all of the heavenly bodies. It has been proved, that 
a body when actuated by several forces will not obey either one, 
but will move in a direction between, them. It is so with the 
heavenly bodies, — each ooe of them is attracted by every 
other one ; and these attractions are so nicely balanced by 
creative wisdom, that, instead of rushing together in one mass, 
they are caused to move in regular paths, (called orhilsi) 
around a central body ; which being attracted in different di- 
rections, by the bodies which revolve around it, wiE itself re- 
volve around tlie centre of gravity of the system. Thus, the 
sun is the centre of what is called the solar system, and the 
planets revolve around it in different times, at differenl distances, 
and with different velocities. 

306. The paths or courses in which the planets move 
around the sun are called their orbits. 

1. In obedience to the universal law of gravitation, the 
planets revolve around the sun as the centre of their system ; 
and the time that each one takes to perform an entire revolu- 
tion is called its year. Thus, the planet Mercury revolves 
around the *sun in 87 of our days. Hence, a year on that 
pl;met is equal to 87 days. The planet Venus revolves around 
the sun in 224 days. That is, therefore, the length of the 
year of that planet. Our earth revolves around the sim in 
about 365 days and 6 houi's. Our year, therefore, is of that 
length. 

2. The length of time that each planet takes in performing 
its revolution around the sun, or, in other words, the length of 
the year on each planet, is as follows. {^The fractional parts of 
the day are omiited.'j 

What foilowa from attraction being rautuai? What diroctiou do bodies 
take when actuated by several forces? Ib this true with regard to tJie 
heavsnly bodies? What is the centre of the solar aystemi What is said 
of the revolution of the planets? 

306. What are the paths in which the planets move around the eun 
called 1 Around what do the planets revolve ? What is a year on each 
planet? How long is the year of the planet Mercury? How long is the 
planet Venus performing her revolution araund the sunT How long is 
the earth petformiug her revolution aroniid the suit ? What is the length 
of the year on the planet Mercury? Venue? Earth? Mars? Vesta i 
Jmi;? Ceres? Pallas? Jupitorl Saturn? Kerechel? Neptune? 
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Days. Dbt6. Day«, 

Mercury 87 Vesta 1,325 Jupiter 4,332 

Venus 224 Juno 1,592 Saturn 10,759 

Earth 366 Ceres 1,681 Herscbel 30,686 

Mars 686 Pallas 1,686 Neptune unknoum* 

3. The mean distancef of each of the planets from the sun 
is expressed as follows, in millions of miles. 

MUlJons. Millions Milltons 

Mercury 36 Vesta 225 Jupiter 495 

Veaus 68 Juno 254 Saturn 908 

Earth 96 Ceres 263 Herschel 1,827 

Mars 145 Pallas 264 Neptune — 

4. While the planets revolve around the sun, each also 
turns around upon its own axis, and thus presents each side 
successively to the sun. 

6. The time in which they turn upon their axes is called theit 
day, and is thus expressed in hours and minutes of our time. 

H. M. H. H. M. 

Mercury24 5 Vesta (unknown.) Jupiter 9 65 
Venus 23 20 Juno 27 {probably.) Saturn 10 16 
Earth 23 56 Ceres (anknovin.) Herschel (unknomi.) 
Mara 24 39 Pallas [unknown.] Neptune — 
The sun turns on its axis in about 25 days and 10 hours. 

• The elements of this planet are not yet sufEcJeutly dolermined to g-iva 
them with any degree of certainty. 

+ The paths or orbits of the planets are not exactly circular, but ellipti- 
cal. They are, therefore, sometimes nearer to the euii than at others. 
The mean distance m the medium between their greatest and least dis- 
tance. Those planets which are nearer to the sun than the earth are 
called inferior planets, because their orbits are lOilAin that of the earth ; 
tuid those which are farther from the sun are called superior planets, be- 
cause their orbits are oulaide that of the earth. 



Note. Of what form are the orbits of the planeta ? What is meant by 
the mean distance ) What planets are called inferior ? Why f What 
planets are called Huperiur? Why ? What is the distance of Che planet 
Mercury from the suul Venus? Earth? Mars? Vesta? Juno? Ceres? 
Pallas? Jupiter? Saturn? Herschel? Neptune? Have the planets 
any motion besides that around the sun? What is the time in which they 
turn upon their aios called? What is the length of a day on the planet 
Mercury? Venus? Earth? Mars? Vesta? Jimo? Ceres? Pallas? 
Jupiter? Saturn? Herschel? Neptune? 



ih, Google 



A3TB0N0MV. 2bl 

307. The relative size of the bodies belonging to tfie 
solar system, as expressed by the length of their diame- 
ters, is as follows : 

Miles. Miles, MUes. 

Mars 4,222 Pallas 2,025 

Vesta 269 Jupiter 86,255 

Juno 1,393 Saturn 81,954 

Ceres 1,582 Hersohel 34,363 

of the comparative size of the 



The Sun 


877,547 


Mercury 


2,984 


Venus 


7,621 


Earth 


7,924 


The Moon 


2,180 


Fig. 151 1 


a a repre 


planets.* 






• Sir J. F. W. Herschel gives the following llluatratioa of the compara- 
tive siie and dislanca of the bodies of the solar system : " On a well-lor- 
elled lield place a globe, two feet in diameter, to represent the Sun ; Mer- 
cury vvill be represented by a grain of muetsrd-eeed on the circuniferenca 
of a circle 164 feet in diameter for its orlrit ; Vbqus, a pea, on a circle S84 
feel In diameter ; the Earth, also a pea, on a circle of 430 feet ; Mara, a 
rather large pin's head, on a circle of 654 feet ; Jano, Ceres, Vesta, and 
Pallas, grains of sand, in orWts of fVom 1000 to 1900 feet ; Jupiter, a mod- 
erate-sized orange, in a cm;le nearly half a mile in diameter ; Saturn, a 
small orange, on a chule of four-fifths of a mile iu diameter ; and Hersohel 
a full-Bized cherry, or small plum, upon the circumference of a circle more 
than a mile and a half in diameter. 

" To imitate the motioua o( the planets in the above-mentioned orbits, 

307. What IB the diameter of the Sun? Mercury? Venue? Earth? 
Mars? Veela? Juno? Ceres? Pallas? Jupiter? Saturn? Herauhel? 
Tlie Moon? What does Fig. 151 represent? What iilustratiou of the 
cuinp^rattve size and distance of the bodies of the solar a>-elem is givtii ? 
What is necessary in order to imitate the motions of the [^auctd in the 
above-mentioned orbits? 
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308. The ecliptic is the apparent path of the sun, or 
the real path of the earth. 

It is called the ecliptic, because every eclipse, whether of 
the sua or the moon, must be upon it. 

309. The zodiac is a space or belt, 16 degrees broad, 
8 degrees each side of the ecliptic. 

It is called the zodiac, from a Gfreek word, which signifies 
an animal, because all the stars in. the twelve parts into which 
the ancients divided it, were formed into constellations, and 
most of the twelve constellations were called after some ani- 

310. The zodiac is divided into twelve signs,! each 
sign containing thirty degrees of the great celestial cir- 



Mercury must describe its own dianie 


Eer in 41 seconds ; Venus in 4 min- 


ules Slid 14 Bflconda ; the Earth in 7 r 


nlnutes; Mars iu 4 miuutea and 43 


eeoouds; Jupiter in 9 hours 56 minut* 


«; Saturn in 3 hours 13 minutes; 


Eud Hersohel in 19 hours 16 minutes.' 




• Sir J. F. W. Hersohel, la his eic 


elleut Ireatlse on Astronomy, says 




and monsters, are usually scribbled 


over celeatial globes and maps, and sei 


■ye, in a rude and barbarous way, (a 


enable na to talk of groups of stars, oj 


■ districts iu the heavens, by names 


which, though absurd or puerile in the 


it origin, have obtained a currency. 



from which it would be difficult, and perhaps wrong, to dislodge them. Li 
so far as they have really (as some have) any slight rBeemblance to the 
ligures called up in im^ination by a view of the more splendid ' constel- 
lations,' eliey have a certain convenience; hut as they are otherwise en- 
tirely arbitrary, and correspond to no natural subdivisions or groupmge of 
the stilts, ftstronomeis treat them li^tly, or altogether disregard them, ex- 
cept for briefly naming remarkable stars; as ' Alpha Leonii,' ' Beta Scar- 
pa,' &C., by loiters of the Greek alphabet attached to them. 

"This disregard is neither supercilious nor causeless. The constellations 
seem to have been almost purposely named and delineated to cause as 
much confusion and inconvenience as possible. Innumerable snakes twine 
thi^ough long and contorted areas of the heavens, where no memory can 
follow them ; bears, lions, and fishes, large and small, northern and south- 
ern, confuse al] nomenclature, &c. A better system of couetellatioiia 
might have been a material help as an artificial memory." 

md the various bodies of the Solar system, 
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cle." The names of these signs are sometimes given in 
Latin, and sometimes in English. They are as follows : 

Lutin, Englisb. Latin. Engllsb. 

1 Aries, The Ram. 7 Libra, The Balance. 

2 Taurus, The Bull. 8 Scorpio, The Scorpion. 

3 Gemini, The Twins. 9 Sagittarius, The Archer. 
i Cancer, The Crab. 10 Capricomus, The Goat. 

5 Leo, The Lion. 11 Aquarius, The Water-bearer. 

G Virgo, The Virgin. 12 Pisces, The Fishes. 

311. The orbits of the other planets are inclined to 
that of the earth ; or, in other words, they are not in the 
same plane. 

1. Fig. 152 represents an oblique view of the plane of the 
charadeiB. In (he following lis! the characters of the planets, &o., are 



The Sun. 


© The Earth. 


5 Cere 


a The Moon 


S Mars. 


2 F-lli 


S Mercury. 


3 Veeta. 


U Jupil 


S Venus. 


5 Juno. 


f. Satu 



it* Herachel. 
The following characters represent the signs of the Zodiac. 

T Aries. £1 Leo. f Sagittarius, 

a Taurus. n^ Virgo, V3 Capncomiia. 

U Gemini. ^^ Libra. ~ Aquarius, 

S Cancer. ftt Scorpio. >^ Pisces. 

From an inspection of Fig. 153 it appeals, that when the earth, as aeen 
from the sun, ia in auy pardcuiar constBllation, the sun, as viewed from 
tlie earth, will appear in the opposite one. 

" The constellations of the zodiac do not now retain their originid 
names. Each constsllation is about 30 degrees eastward of the sign of 
the same name. For example, the constellation Aries ia 30 degrees east- 
ward of the sign Arioa, and the constellation Taurus 30 dogrees eastward 
of the sign Taurus, and so on. Thus the sign Aries hee in the conatella- 
lioii Piaces ; the sign Taurus in the constellation Ariea ; the sign Gemini 
in the constellation Taurus, and so on. Hence tho importance of distiu- 
giiiahiug between the mgns of the zodiac and the constellations of the zo- 
diac. Tho cause of the difference is the precession of the equinoxea, a 
pheuomenou which will be explained in its pro'>»T eomiesioti. 

310. What are the names of the twelve constellalionB) How many 
de3;rees does each sign contain? 

311. Are the orbiu of the other planets in the same pljue with tljal of 
the earth 1 
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ecliptic, the orbits of all tte primary planets, and of the comet 
of 1680. That part of ea«h orbit which is above the plane is 




shown by a white line; that which is below it, by a 
That part of the orbit of each planet where it ki 
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ecliptic, or, in other words, where the white and dark lines in 
the figure meet, are called the nodes of the planet, from the 
Latin nodus, a knot or tie. pj^ ,55 

2, Fig. 153 represents a section of the plane 
of the ecliptic, showing the inclination of the or- 
bits of the planets. As the zodiac extends only 
eight degrees on. each side of the ecliptic, it ap- 
pears from the figure that the orbits of some of the 
planets are wholly in the zodiac, while those of 
others rise above and descend below it. Thus, 
the orbits of Jimo, Ceres, and Pallas, rise above, 
while those of alt the other planets are confined 
to the zodiac. 

312. When a planet or heavenly body 
is in that part of its orbit which appears to 
be near any particular constellation, it is 
said to be in that constellation. 

Thus, in Fig. 152, the comet of 1680 appears 
to approach the sun from the consteDation Leo. 

313. The perihelion* and aphelion" of 
a heavenly body express its situation with 
regard to the sun. When a body is nearest 
to the sun, it is said to be in its perihelion. 
When farthest from the tun, it is sdid to be 
in its aphehon 

The earth la three mUluns of miles neaier to 
the Sim in Its perihelion thdn la its iphehon 

314. The apogee* and peiigee* of a 

• The p]uii\ oC Perihelion K Periheha and o( Apke 
linn is Aphelia. When a planet is so nearly on a line 
with the earlli and the sun as to pas between them,'it 
is Eaid to be in its inferior conjunction; when behind 
it is said to be in its superior conjanction ; but 



.1 behind t 



earth, i 



oppasu 



What does Fig. 159 
does Fig. 153 represent 

312. Wheniaaplaii 

313. What do the pt 
When is a body said to bo 
its aphelion? How much 



.resent? What are the nodes of a planet? What 

sBJd to be in any particular constellation ? 
lolion and aphelion of a heavenly body express 1. 
• In ila perihelion ? When is a body said to be ia 
ret is llie earth to the sun in its perihelia* 
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heavenly body express its situation with regard to the 
earth. When the body is nearest to the earth, it is said to 
be in perigee ; when it is farthest from the earth, it is 
said to be in apogee. 

315. The perihelia of the planets are in the following 
signs of the zodiac : — Mercury in Sagittarius, — Venus 
in Aquarius, — the Earth in Capricornus, — Mars in 
Virgo, — Vesta in Cancer, — Juno in Scorpio,— Ceres 
in Pisces, — Pallas in Aquarius, — Jupiter in Libra, — 
Saturn in Capricornus, — and the Georgium Sidus in 
Aries. 

316. The axes of the planets in their revolution 
around the sun, are not perpendicular to their orbits, 
nor to the plane of the ecliptic, but are inclined in 
different degrees. 

This is one of the most remarkable circumstances in 
the science of Astronomy, because it is the cause of the 
different seasons, spring, summer, autumn, and winter ; 
and because it is also the cause of the difference in the 
length of the days and nights in the different parts of the 
world, and at the different seasons of the year, 

317. The motion of the heavenly bodies is not uni 
form. They move with the greatest velocity when 

The words perihelian, aphelion, apogee, and perigee, are derived from the 
Greek language, aud have the following meaalogi 

Perihelion, near the sun. 

Aphelion, /rotn ihe sun. 



said to hs in its inferior conjunction? When 
or conjunction? When is it said lo be in opposi- 
tion T 

314. What do the apogee and perigee of a heavenly hodyexpreSB? When 
\a a body said to be in its perigee? When is it said to he in its apogee ? 

315. In what eign is the perihelioa of the planet Mercury? VonusJ 
Earth? Mars? Vesta? Juno! Ceres? Pallae? Jupiter? Saturn? 
Georgium Sidus? 
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they are in perihelion, or in that part of their orbit 
which is nearest to the sun; and slowest when in 
aphelion. 

318. It has been proved by Kepler, that when a body 
moves around a point to which it is attracted, a line* 
drawn from the point to the body passes over or describes 
equal areas in equal times. This is called Kepler's law. 

In Fig. 154, let 8 represent the sun, and E the earth, and 
the ellipse, or oval, be the earth's orbit, or path around the 
Eun. By lines drawn from the sun at 8 to the outer edge 
of the figure, the orbit is 
divided into twelve areas '^' 

of different shapes, but 
each containing the same 
quantity of space. Thus, 
the spaces E S A, A S B, 
D S F, &c., are all sup- 
posed to be equal. Now 
if the earth in. the space 
of one month, will move 
in its orbit from E to A, 
it will, in another month, 
move from A to B, and 
in the third month from 
B to C, &c., and thus 
will describe equal areas 
in equal times. 

The reason why the j. 

earth {or any other heav- 
enly body} moves with a greater degree of velocity in its 
penhelion, than in its aphelion, may likewise he explained by 
the same figure. Thus, — 

The earth, in its progress from F to L, being constantly ui^ed 
forward by the sun's attraction, must (as is the case with a 
falling body) move with an accelerated motion. At L, the 




with the greatest velocity T 



,118, Whal. is Kepler's law? lUustrata tliia by Fiff. 
Fiff 154, the ■^asnii why the earth, or any otlier hea 
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Sim's attraction becomes stronger, on account of the nearness 
of the earth ; and, consequently, m its motion from L to E, the 
earth wiD move with greater rapidity. At E, whi:,h is tlie 
perihelion of the earth, it acquires its greatest velocity Let 
us BOW detain it at E, merely to conader the direction ot the 
forces by which it is urged. If the sun's attraction could 
be destroyed, the force which has carried it from L to E, 
would carry it off in the dotted hne from B to G, wliioh is a 
tangent to its orbit. But while the earth has this tendem.^ to 
move towards G-, the sun's attraction is continually operating 
with a tendency to carry it to S. Now, when a bodj is 
urged by two forces, it wiU move between them ; but as the 
sun's attraction is constantly exerted, the direction ot the 
earth's motion will not be in a straight line, the diagonal of 
one large parallelogram, but through the diagonal of a number 
of infinitely small parallelograms ; which, being umted, form 
the curve line E A. 

It is thus seen, that, while the earth is moving from L to E, 
the attraction of the sun is stronger than in any other part of 
its orbit, and will cause the eartb to move rapidly. But in its 
motion from E to A, from A to B, from B to C, and from C 
to F, the attraction of the sun, operating in an opposite direc- 
tion, will cause its motion from the sun to be retarded, until, at 
F, the direction of its motion is reversed, and it begins again 
to approach the sun. Thus, it appears that, in its passage 
from the perihehon to the aphelion, the motion of the earth, as 
well as that of all the heavenly bodies, must be constantly re- 
tarded ; while, in moving from their aphelion to perihehon, it is 
constantly accelerated ; and at their perihelion, the velocity 
will be the greatest. The earth, therefore, is about seven days 
longer in performing the aphelion part of its orbit, than in 
traversing the perihelion part ; and the revolution of all the 
other planets being the result of the same cause, is affected in 
the same manner as that of the earth. 

319. The earth is about three millions of miles nearer 
to the sun in winter than in summer. 

What IB eaLd of the motion of the heavenly bodies from periheliou lo 
aphelion? What is Iheir molion from apheUon lo perihelion? When is 
their velocity the greatest? How mnoh loDj-er is the earth In porforniing 
the aphelion part of its orbit tliaii the perilietiott part T 

319. How much iiearer is Iho eiuth to the bou in winter than in Bum- 
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The ]ieat of summer, therefore, cannot be caused by 
the near approach of the earth to the sun. 

Snow and ice never melt on the tops of high mount^ns ; and 
they who have ascended in the atmosphere, in balloons, have 
found that the cold increases as they rise. 

320. On account of the inclination of the earth's axis, 
the rays of the sun fall more or less obliquely on differ- 
ent parts of the earth's surface, at different seasons of 
the year. The heat is always the greatest when the 
sun's ravs fall vertically ; and the more obliquely they 
fall, the less heat they appear to possess. 

1. This is the reason why the days are hottest in summer, 
although the earth is farther from the sun at that time. 

2. Pig. 155 represents the manner in which the rays of the 
Bun fall upon the earth in summer and in winter. The north 
pole of the earth, at all seasons, constantly points to the north 




star N ; and when the earth is nearest to the sun, the rays 
from the snn fall as indicated hy W, m the figure ; and as 
their direction is very oblique, and thej have a larger portion 

330. What follows from the inclination of the earth's axis, with regard 
to the direction of the sun's rays? When is the heat always the greatest? 
What issaid of oblique rays? What is the reason that the heat is greater 
in summer than in winter? Illustrate this by Fig. 155. How in the eailU 
situated with regard to its distance from the sun in winter? 
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of the atmosphere to traverse, much of their power is lost 
Hence we liave cold weather wlien the earth is nearest to the 
sun. But when the earth is in aphelion, the rays faU almost ver- 
tically or perpendicularly, as represented by 8, in the figure ; 
and, although the earth is then nearly three millions of miles 
farther from the sun, the heat is greatest, because the rays fall 
more directly, a d h 1 portiou of the atmosphere to 

traverse.' 

3. For a simil w h d, even in summer, that early 
hi the morning d 1 t th afternoon, it is much cooler 
than at noon, b th then shines more obUquely. 
The heat is ge lly h g test at about three o'clock in 
the afternoon ; b tl arth retains its heat for some 
length of time, d th dd nal heat it is constantly re- 
ceiving from the us n levaljon of temperature, even 
after 3ie rays b to f 11 m oblic|uely. 

It is the sam 1 h casions the variety of climate 

in different parts of the earth. The sun always shines in a 
direction nearly perpendicular, or vertical, on the eq^uator; 
and with different degrees of obliquity on the other parts of 
the earth. For this reason, the greatest degree of heat pre- 
vails at the equator during the whole year. The farther any 
place is situated from the equator, the more obliquely will the 
rays fall, at different seasons of the year ; and, consequently, 
the greater will be the difference in the temperature. 

4. If the axis of the earth were perpendicular to its orhit, 
those parts of the earth which lie under the equator would he 
constantly opposite to the sun ; and as, in that case, the sun 
would, at all times of the year, be vertical to those places 
equally distant from both poles, so the light and heat of the 
Bun would be dispersed with perfect uniformity towards each 

• This may be more familiarly explained, by compariug Bummor taya 
to a ball 01 etone thtawu directly at an object, ho aa to stiiko it wiUi all its 
force; and winter rays to the same ball or etoiio, thrown obliquely, so aa 
merely to graze the object. 

What illuBtration of oblique and perpendicular rays is given in the iiotet 
Why is it generally cooler early in the morning and lata in the aflenioon 
than at noon? Why is the heat the greatest at about three o'elockl 
What causes the variety of climate m different partaof the earth? Where 
dues the sun always shine in a vertical direction 1 What would follow 
wore the aiis of the earth perpendicular to its orbit? What causes the 
variety of the seasons, the different lengths of days and nights, &,c 1 
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pole ; we should have no variety of seasons ; day and night 
would be of the same length ; and the heat of the sun would 
be of the same intensity every day throughout the yeajr. 

5, /( w, therefore, as has been stated, omng to the inclina- 
tion of the eartli'a axis, that lue have the affretable variety of lite 
sewsons, days and nigktt of different lengths, and (hat vjisely- 
ordered variety of climate, which causes so great a variety of 
productions, and which lias aff<^ded so powerful a stimulus to 
human industry.* 

6, In order to understand the iilustration of the causes of 
the seasons, &c., it is necessary to have some knowledge of 
the circles which are drawn on the artificial representations 
of the earth. It is to be remembered that all of these circles 
are wholly imaginary ; that is, that there is on the earth itself 
no such circles or lines. They are drawn on maps merely for 
the purpose of illustration. 

7, Fig. 156 represents the earth. N S is the axis, or ima- 
ginary ]ine, around which it daily turns ; N is the north pole, 
S is the south pole. These poles, 

it will be seen, are the extremities **'£■ ''*■ 

of the axis N 8. CD represents 
the equator, which is a circle around 
the earth, at an equaJ distance from 
each pole. The curved lines pro- 
ceeding from N to S, are meridians. 
They are all circles surrounding the 
earth, and passing through the 
poles. These meridians may be 
multiplied at pleasure. 

The hnes E F, IK, L M, and 
G H, are designed to represent cir- 

" The wisdom of Providenoo is frequently displayed in apparent incon- 
sislsnciBs. Tlius, the very carGumstttnce which, to the short-sighted 
philosopher, appeals to have thrown an inBnnnountable harrier betw^ea 
the scattered portions of the human race, has been wisely ordeied, to ea- 
tabtish an interchange of blessings, and to bring the ends of the earth in 
communion. Were the same productions found in every region of the 
earth, the stimulus to exertion would be weakenetl, and thu wide field of 
human labor would be greatly diminished. It is our mutual icanls which 
bind us together. 




What 
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cles, al! ot lli m pii '1 1 to the equator and for tliis reason 
they are c^U d pirallels of latituiie These u.lao niuj be 
multiplied it pk I'lUre 

But m the figure these hnes which are parallel to the 
equator and which aio it a ceitun distance from it, have a 
differeot name dcnved frsm the manner in which the sun's 
rays fall on the surface of the earth. 

Thus the circle I K, 23i degrees from the equator, is called 
the (ropie of Cancer,* and the circle L M is called the tropic 
of Capricorn. The circle E F is ciilled the Arctic Circle. It 
represents the limit of perpetual day, when it is summer in 
the northern, hemisphere, and of perpetual night when it is 
winter. 

The circle Gt H is the Antarctic Circle, and represents the 
limit of perpetual day and night in the southern hemisphere. 
The line L K represents the circle of the ecliptic, which, as 
has already heen stated, is the ajyiarent path of the sun, or 
the real path of the earth. This cu-cle, althougli it is gener- 
ally drawn on the terrestrial globe, is, in reality, a circle in 
the heavens ; and differs from the zodiac only in its width, 
— the zodiac extending eight degrees on each side of the 
ecliptic. 

8. Fig. 151 represents the manner in which the sun shines 
on the earth in different parts of its orbit ; or, in other words, 
the cause of the change in the seasons. 8 represents the sun, 
and the dotted oval, or ellipse, A B C D, the orbit of the 

• ThuB on Ihe Slst of March, tlie rays of the sun fail yertLcally on Itia 
eqnator, and on eacli succeeding day on places a liltlo to the north, until 
the 21at of Jnue, when they fall vertically on places 231, degrees north of 
the equator. Their vertical direction then furns track again lowarde the 
equator, where the rays again fall vertically on the 23d of Septemtwr, and 
on the succeeding days a little to the soutli, until the Slst of Decenit>ci, 
wlien tliey tall vertically on the places SSI, aautti of ttie equator. Their 
vertical direction tiien again lurns towards the equator. HoncB the cir- 
cles I K and L M are caUed the tropics of Cancer and Capricorn. Tiie 
word tropic is derived from a word which Eigiiifies to turn. The tropics, 
therefore, are the boundaries of the sun's apparent path north aud soutii of 
the equator, or the Hues at which the sun tnrns back. 

Why ia the circle IK called tlie tropic of Cancer? What is the mean- 
ing of the word tropic 1 Why is the circle LM called the tropic ot Capri- 
corn 1 What are the tropica ? What is ttie circle E F called ? What 
does it repreeontl What is the circle GH called? What does it repre- 
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June, when the earth is at D, the whole northern polar region 
is continually in the light of the sun. As it turns on its axis, 
therefore, it will be day to all the parts which arc exposed to 
the light of the sun.* But, as the whole of the Antarctic 

■ Day and night are caueed by the rolalLon of the earth on its axis every 
24 hours. Il is day to that eide of the earth which ia towards the sun, and 
uight to the opposite side The length of the days is in proportion to the 
JDclinatioii of the aiis of the earth ioipards the sun. It may be seen by 
the abavo figure, that in summer the axis is most inelined towards the 
Bun, and then the days are the longest As the north poia becomes less 
inclined, the days shorten, till, on the 31st of Decemher, it is inclined 

What does Fig, 157 represent ? Explain the figure. Explain, by the 
figure, the situation of the earth on the SIst of June. What causes day 
and nightl To what part of the earth is it day? To what part is it 
nightT To what is the lenglh of the day in proportion? When are th» 
days the longest 7 Why? When are they the shortest ? Why? 
12* 
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Circle is within the line of perpetual darkness, the sua can 
shine on no part of it. It wiil, therefore, be constant night to 
all places within that circle. As the whole of the Arctic 
Circle is within the line of perpetual light, no part of that 
circle will be turned from the sun while the earth turns on its 
axis. To all places, therefore, within the Arctic Circle, it will 
be constant day. 

On the 22d of September, when the earth is at C, its axis 
is neither inclined to nor from, the sun, but is sidewise ; and, 
of course, while oue half of the eartli, from pole to pole, is 
enlightened, the other half ia in darkness, as would be the 
case if its axis were perpendicular to the plane of its orbit ; 
and it is this which causes the days and nights, of this season 
of the year, to be of equal length. 

On the 23d of Deceraher, tlae earth has progressed in its 
orhit to B, which causes the whole space within the northern 
polar circle to be continually in darkness, and more of that 
part of the earth north of the equator to he in the shade than 
in the light of the sun. Hence, on the 21st of December, at 
all places north of the equator, the days are shorter than the 
nights, and at all places south of the equator, the days are 
longer than the nights. Hence, also, within the Arctic Circle 
it ia uninterrupted night, the sun not shining at all ; and within 
the Antarctic Circle it is uninterrupted day, the sun shining 
all the time. 

On the 20th of March, the earth has advanced still further, 
and is at A, which causes its axis, and the length of the days 
and nights, to be the same as on the 20th of September,* 

23i degrees from the ran, whoa the days are the shortest ThuB, aa ths 
earth progresses iu its orbit, after the days are the shortest, it changes its 
inclina.tiDn towards the sun, till it is again inchned as in the longest days 

* As the diffisrencB in the length of the days and the nights, and the 
change of the SBasoiiB, &«., on the earth, is caused by the inclination of 
the earth's aiis, it follows that all the planets, whoso axes are inclined, 
must esperienco the same vicissitude j and (hat it moBl be in proportion lu 

Explain, by the figure, the situation of the earth on the aSd of Soptem- 
oer. On the 23d of Decemher. Ou the aOth of March. What follosvs 
from the changes on the earth, caused by the inclination of the eartli's 
axis? In what proportion are these chauges? What is said of the axis of 
Ibe planet Jupiter? 
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9. From the explanation of figure 157, it appears that 
there are two parts of its orbit in which the days and nights 
are equal all over the earth. Theae points are in the sign of 
Aries and Libra, which are therefore called the equinoxes. 
Aries is the vernal (or spring) equinox, and Libra the autum- 
nal equinox. 

10. There are also two other points called solstices, because 
the sun appears to stami at the same height in the heavens, in 
the middle of the day, for several days. These points are in 
the signs Cancer and Capricorn. Cancer is called the summer 
solstice, and Capricorn the winter solstice. 

321, The sun is a spherical body, situated near the 
centre of gravity of the system of planets of which our 
earth is one, 

1. Its diameter is 877,547 English miles; which is equal to 
100 diameters of the earth; and, therefore, his cubic magni- 
tude must esceed that of the earth one million of times.* It 

the dogreo of the iaclination of thoir aies. As the axis of the planet Ju- 

variatioQ in the leagtli of the days, and little change in the bbubouu of that 
planat 

There can be litUe doubt that (he sun, the planets, stars, &/;., are all of 
them iuhablted-, and although it may bo thought that some of them, on 
account of their immeiiee distance from the sun, eiperieiioe a great want 
of light and heat, while others are bo near, and the heat conaegneutly so 
great that water cannot remain on them in a fluid state, yet aa we see, 
even on our own earth, that creatures of diflerenl natures live in dilierent 
elements, as, for instance, fishes in water, animals in lur, &c., creative 
wisdom could, undoubted] y, adapt (be beiug to its situation, and with as 
little exerbou of power, form a race whose nature should he adapted to the 
nearest or the most remote of the heavenly bodies, as was required Xo adapt 
(he fowls to (he air, or the fishes to the sea. 

■ Spheres are (0 each other as the cubes of their respective diameters. 

Note. In it supposed that the Bun, planets, and stars are inhabited^ 
What is shown by Fig. 157? Where are tliese points? What are they 
calW? Which is the vernal eqainoi? Which the autumnal? What 
other two points are there? Why are they called solstices? Where are 
these points ? Which is the summer solntioe? Which the winter? 

321. What is said of the sun? What ia its diameter ? How much does 
its cuInc niaguitade exceed that of the earth? 
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revolves around its axis in 25 days and 10 hours This has 
been ascertained by means of several dark spots which have 
been seen with, telescopes on its surface 

2. Dr. Herschel supposed the greater number of spots on 
the sun to be mouatains , some ot which he estimated to be 
300 miles in height. 

3. It is probable that the sun,* like all tlie ot 
bodies, (excepting, perhaps, comets,) is inhabited by t 
whose nature is adapted to their peculiar circumstances. 

4. Although, by some, the sun is supposed to be an im- 
mense ball of fire, on account of the effects produced at the 
distance of ninety-five millions of miles, yet many facts show 
that heat is produced by the sun's rays only when they act 
on a suitable medium. Thus, snow and ice remain during the 
year on the tops of the highest mountains, even in climates 
where the cold of our winters is never known. 

5. The zodiacal hght is a singular phenomenon, accompany- 
ing the sun. It is a faiat light which often appears to stream 
up from the sun a little after sunset and before sunrise. It 
appears nearly in the form of a cone, its sides being somewhat 
curved, and generally but 111 defined. It extends often from 
60° to 100° in the heavens, and always nearly in the direc- 
tion of the plane of the ecliptic. It is most distinct about 
the begbning of March ; but is constantly visible in the torrid 
zone. The cause of this phenomenon is not known. 

322. Mercury is the nearest planet to the sun, and is 
seldom seen ; because his vicinity to the sun occasions 
his being lost in the brilliancy erf the sun's rays. 

1, The heat of this planet is so great that water cannot 
exist there, except in a state of vapor ; and metals would be 
melted. The iatenseness of the sun's heat, which is in the 
same proportion as'its light, is seven times greater in Meroiuy 



* In almaiiEics, the BUH 
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tlian on the earth ; so that water there would he carried off 
in the shape of steam : for, hy experiments made with a ther- 
mometer, it appears that a heat seven times greater than that 
of the sun's beams in summer, will make water hoil. 

2. Mercury, although in appearance only a small star, emits 
a bright white light by which it may be recognised when seen. 
It appears a little before the sun rises, and again a little after 
sunset, but as its angular distance from the sim never exceeds 
23 degrees, it is never to be seen longer than one hour and 
fifty minutes afttr sunset ; nor longer than that time before 
the sun rises. 

3. When viewed through a good telescope. Mercury ap- 
pears with all the various phases, or increase and decrease of 
light, with which we view the moon ; except that it never ap- 
pears quite full, because its enlightened side is turned directly 
towards the earth only when the planet is so near the aun as 
to be lost to our sight in its beams. Like that of the moon, 
the crescent or enlightened side of Mercury is always towards 
the sun. As no spots are commonly visible on the disk, the 
time of its rotation on its axis is unknown, 

323. Venus," the second planet in order from the sun, 
is the nearest to the eailh, and on that account appears 
to be the largest and most beautiful of all the planets. 
During a part of the year it rises before the sun, and il 
is then called the morning star ; during another part of 
the year it rises after the sun, and it is then called the 
evening star. The heal and , light at Venus are nearly 
double what they are at the earth. 

• By the aDcient poete, Venus was called Phosphor, or Lucifer, when 
it appeared \o the west of the sun, at which time it is morning star, and 
ushers in the light or day; and Hesperus or Vesper, when eastwanl of 
the sun, or evening star. 



In what foriQ does water exist in 
recogniEed when seen ? At what tim 
eury appear when viewed through a f i 

aaS. What planet is nearest to the earth? Wlien is Venue called the 
morning star? When is it called the evening star' How much greater 
are the light and heat at Venus than that at the earth ? What name was 
given by the anoieiit poets to Venas, when moruiug star? What, when 
evening star? 
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1. Venus, lite Mercury, presents to us all the appearances 
of inereaae and decrease of light common to the moon, Spota 
are also sometimes seen on its surface, like those on the sun. 
By reason of the great brilliancy of this planet, it may some- 
times be seen even in t!ie daylime, by the naked eye.* But 
it is never seen !at« at night, because its angidar distance from 
the sun never exceeds 45 de^ees. In the absence of the 
moon it will cast a shadow behmd an opaque body. 

2. Both Mercury and Venus sometimes pass directly be- 
tween the sun and the earth. As their illuminated surface is 
towards the sun, their dark side is presented to the earth, and 
they appear like dark spots on the sun's disk. This is called 
the transit of these planets. 

324. The earth is the next planet, in the soiar system, 
to Venus. It is not a perfect sphere, but its figure is 
that of an oblats spheroid, the equatorial diameter being 
about 34 miles longer than its polar diameter. 

It is attended by one moon, the diameter of which is about 
two thousand miles. Its mean distance from the earth is 
about 240,000 mUes, and it turns on its axis in precisely the 
same time that it performs its revolution, round the earth ; 
namely, in twenty-nine days and a half. 

325. The earth, when viewed from the moon, exhibits 
precisely the same phases that the moon does to us, but 
in opposiie order. When the moon is full to us, the 
earth will be dark to the inhabitants of ike moon ; and 
when the moon is dark to us. the earth will be full to 

* The reaeon why we oaunot ebb the stars and planata in the daytime, 
is, that (heir tight is so faint, compared wilh the light of the snn reflected 



What ia the greatest distance at which the planets, Merouty and Venus, 
ir apjiear ftoiii thu fliin 1 What is meant by the trajisit of these planets ^ 
hat is eaid of the different appearances wliich Venus preeeuls? Why 

334. What planet is next to Venue? What is the form of the oarthT 
m much larger is its equatorial diameter than ila polar? How many 
mnB has the earth? What is the diameter of the moon? What Is its 
lance from (he eaith? What is tlie length of a day at tho moon 7 How 
Lg is it in performing its revolution around the earth ? 
325. What phases does the earth, when viewed from the moon.eshibit' 
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them. The earth appears to them about 13 times larger 
than the moon does to us. As the moan, however, al- 
ways presents nearly the same side to the earth, there is 
one-half of the moon which we never see, and from which 
the earth cannot be seen. 

326. Nest to the earth is the planet Mars. It is con- 
spicuous for its fiery red appearance ; which is supposed 
to be caused by a very dense atmosphere, 

1. When this planet approaches any of the lised stars, they 
change their color, grow dim, and often become totally iavisi- 
ble. This is supposed to be caused by his atmosphere. The 
degree of heat and light at Mars is less than half of that re- 
ceived by the earth. 

3. The four small planets, or asteroids, Vesta, Juno, Ceres, 
and Pallas, have all been discovered within, the present cen- 
tury. Vesta was discovered by Dr. Olbers, of Bremen, in 
1807: its light is pure and white. Juno, by Mr. Harding, 
near Bremen, in 1804; its color is red, and its atmosphere 
appears cloudy. Pallas was discovered by Dr. Olbers in 
1802 : it appears to have a dense, cloudy atmosphere, Ceres 
was discovered at Palermo, in Sicily, by Piazzi, in 1801 ; it 
is of a ruddy color. All of these small planets undergo va- 
rious changes in appearance and size, so that their real magni- 
tude is not ascertained with any certainty ; and but little is 
known of them.* 

■ It is a romarkable fact, that certain inflgularitiea, observed iu the 
tnotions of the old plaaets, induced Bome aetroiiomeis to suppose that a 
planet existed hslweeii the orbita of Mare and Jupiter ; a Eupposilion that 
arose long previous to the discovery of the four new planets just noticed. 
The opinion has been advanced, that tiiese four small bodies originally 
composed one lai^t one, which, by some unknown force or convulsion, 
burst Blunder. This opinion is maiutained with much ingenuity and plau- 

How much larger does the earth appear than the moon? 

33e. What planet is ne« to the earth? What renders it conspicuouB? 
What ie supposed to cause this appearance! How much more hght and 
iieat does the earth enjoy than Mars! When were the asteroids diecov- 
wed ? By whom, and m what year was Vesta discovered 7 What is the 
(olorof its light? By whom and whon was Juno discovered? What is 
iie color ot its light! When was Pallas discovered ! By whom! What 
,a said of its stniosphere? When and by whom was Ceres discovered! 
What IB its color? What ia a^d in the note with regard to these planeta? 
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327. Jupiter is the largest planet of the solar system, 
and the most brilliant, except Venus, The heat and 
light at Jupiter is about 25 times less than that at the 
earth. This planet is attended by four moons, or satel- 
lites ; the shadows of some of which are occasionally 
visible upon his surface. 

1. The distance of those satellites from the planet are two, 
four, six, and twelve hundred thousand miles, nearly. 

The nearest revolves around the planet in less than two 
days ; the next in less than four days ; the third in less than 
eight days; and the fourth in about sixteen days. 

2. These four moons must afford consideriible light to the 
inhabitants of the planet ; for the nearest appears to them 
four times the size of our moon ; the second about the same 
size ; the third somewhat less ; and the fourth about one-ihird 
the diameter of our moon. 

3. As the axis of Jupiter is nearly perpendicular to its 
orbit, it has no sensible change of seasons. 

4. The satellites of Jupiter often pass behmd the body of 
the planet, and also into its shadow, and are eclipsed. These 
eclipses are of use in ascertaining- the lon^tude of places on 
the earth. By these eclipses also, it has been ascertained that 
light is about ^ight minutes in coming from the sun to the 
earth. For, an ecUpse of one of these satellites appears to 
us to take place sixteen minutes sooner, when the earth is in 
that part of ics orbit nearest Jupiter, than when in the part 
farthest from that planet. Hence, light is axteen minutes in 
crossing tbe earth's orbit, and of course half of that time, or 
eight minutes, in coming from the sun to the earth. 

fflbility by Dr. Brewster, id the EkJiuburgh Enoyclopedia, Art. AeTRoNoirv. 
Dr. Brewster farther auppoaea, that the buTBtiiig of this planet may have 
occasioned the pheiiomeaa of meteoric stones; that is, stones which have 
fallen on the earth from the utmospheEe 

397. Which of the planets is the largest J How much more light and 
heat does the earth enjoy than Jupiter? How many moons has this 
planet! What is the distance of these moons from the planet? In what 
tune do they perforai their revolutions around the planet ? How does the 
size of these moons compare with that of ours ) Why has Japiter no sen- 
eible variety of aeaeone ? Of what use are the eclipses of Jupiter's moons ( 
How long is light in coming from the enn to the earth ? How has this 
neen ascertained l 
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5. When viewed through a telescope, several belt^ or bands 
are distinctly seen, sometimes extending across bia disk, and 
sometimes interrupted and broken. They differ m di'itdnce, 
position, and number. They ate generally dark , but ■« bite 
on^ have been seen, 

6. On account of the immense distance of Jupiter from the 
sun, and also from Mercury, Venus, the Earth, and Mars, ob- 
servers on Jupiter, with eyes hke ours, can never see either ot 
the above-named planets, because they would alwaj s be im- 
mersed in the sun's rays. 

328, Saturn is the second in size and the la&t but one 
in distance from the sun. The degree of heat and light 
at this planet is eighty times less than that at the earth. 

1. Saturn is distinguished from the other planets by being 
encompassed by two large, luminous rings. They reflect the 
sun's hght in the same manner as his moons. They are en- 
tirely detached from each other and from the body of the 
planet. They turn on the same axis with the planet, and in 
nearly the same time.* The edge of these rings is constantly 
at right angles with the axis of the planet. Stars are some- 
times seen between the rings, and also between the inner ring 
and the body of the planet. The breadth of the two rings is 
about the same as their distance from the planet, namely, 
21,000 miles. As they cast shadows on the planet. Dr. Her- 
schel thinks them solid. 

2. The surface of Saturn is sometimes diversified, like that 
of Jupiter, with spots and belts. Saturn has seven satelktes, 
or moons, revolving around liim at diSeient distances and m 
various times, from less than one to cightj day. 

3. Saturn may be known by his pale and steady hght The 

* These rings move together around the planet, but are ibout (AirijcT 
minjites longer in perfonning thair revolution about him, than Satum is in 
revolving about his axis. 

How does Jupiter appear when viewed through a teiescope ? 

328. How does Satum compare in Mie with the other planets ? How 
ie Satum disUnguiehed from the other planets? What is snid of these 
rings? How much longer are these rings in performing theit revolution 
around the planet thau the planet is in performing its revolution on its axis' 
What is the breadth of these rings ! What is said of the surface of Sat- 
uru'7 How many moons has Saturn? How may 8atiirii be known { 
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seven moons of SaturD, except one, revolve at different dis- 
tances aroimd the outer edge of his rings. Dr. Herschel saw 
them moving along it, like bright beads on a white string. 
They do not often sufter echpse by passing into the shadow of 
the planet, because the ring is generally in an oblique direc- 

329. Uranus,* the third in size, is the most remote of 
all the old planets. It is scarcely visible to the naked eye. 
The light and heat at Uranus are about 360 times less 
than that at the earth. 

1. This planet was formerly considered a small star; but 
Dr. Herschel, in 1781, discovered, from its motion, that it is a 
planet. 

2. Uranus is attended by six moons, or satellites, all of 
which were discovered by Dr. Hersuhel ; and all of them re- 
volve in orbits nearly perpendicular to that of the planet. 
Their motion is apparently retrograde ; but this is probably an 
optical illusion, arising from the difficulty of ascertaining which 
part of their orbit inclines towards the earth, and which de- 
clines from it.f 

* This placet was long known by the nEune of Herechsl, the discoveror, 
who, in aanouncing his disooyery, named it the " Georgium sidnB," ia 
hoaoc of King Geoi^ III. The name of Uranus was given to it by ths 

t It appean to be a general law of satellites, or moons, that they (urn 
on their axes in the »ame time in which ihey resotne arovnd their pri- 
maries. On this account, the inhabitants of secondary planets observe 
some singulai appearances, which the inhabitants of primsry planets do 
not. Those who dwell on the side of a secondary planet next to the 
primary, will always see that primary; while those who live on the op- 
posite side will never see it. Those who always see the primary, will Bee 
it constantly in very nearly the same place. For example, those who 

What is said of the moons of Saturn? Why are they not often edipsodT 
339, How doea Uranus compate in she with the other planets? How 
does the light and heat at Uranus compare with that of the earth t By 
whom was this planet discovered? What name did he give iti How 
many moons haa Uranus? By whom were they discovered? How are 
their orbits situated, with regard to that of the planet? What is said of 
appears to be a general law of satellites? 
regard to the appearances which the inhabi- 
8 must observe? 
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3. It is a singular circumstance, tliat, before tlie discovery 
of Herscliel, some disturbances and deviations were observed 
by astronomerg in the motions of Jupit«r and Saturn, which 
they could account for only on the supposition that these two 
planets were influenced by the attraction of some more remote 
and undiscovered planet. The discovery of Herschel com- 
pletely verified their opinions, aad shows the extreme nicety 
with which astronomers observe the motions of planets. 

330. The planet Neptune is a recent discovery of 
Verrier. But little is as yet known with regard to it. 

331. The word comet is derived from a Greek word, 
which means hair; and this name is given to a numerous 
class of bodies, which occasionally visit, and appear to 
belong to the solar system. These bodies seem to con- 
sist of a nucleus, attended with a lucid haze, sometimes 

J flowing hair ; from whence the name is de- 
Some comets appear to consist wholly of this 
hazy or hairy appearance, which is frequently called the 
tail of the comet.*. 

dwell near the edge of the moou'e disk, will always see the earth near the 
horizon, and those in or near the centre will always bbo it directly or 
nearly overhead. Those who dwell in the moon'a south limb will see the 
earth to the northward ; those in the north limb will Bee it lo the south- 
ward ; those in the east limb will see it to the westward ; while those ui 
the west limb will see it to the eastward ; and all will see it nearer the ho- 
rizon hi proportion to their own distance from the centre of the moon's 
disk. Similar BppoHrances are eihibited to the inhabitantfl of all second- 
ary planets. These observations are predicated on the supposition that 
the moon is inhabited. But it is not generally believed that our moon is 
inhabited, or iu its present condition fltt«d for the residence of any class 

• In ancionl times, the appearance of comets was regarded with anper- 
Btitious fear, in tlie belief that they wem the forerunners of some direful 
calamity. These fears have now been banished, and llie comet is viewed 
as a. constituent member of the system, governed by the same harmonioua 
and unchanging laws which regulate and control ajl the other heavenly 
bodies. 

The number .of comets that have occasionally appeared within the 

330. Who discovered the planet Neptune 1 

331. Whatis theraoaningofthewordcnmet? To what class of bodien 
is this name given? Of what do these bodiea appear to oonsastl 
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1. Comets, in their levolution, describe long narrow ovals. 
They approach Tery near the sun in one of the ends of these 
ovals ; and when they are in the opposite end of the orbit, 
their distance from the sun is immensely great, 

2. The extreme nearness of approach to the sun gives to a 
comet, when in perihelion, a swiftness of motion prodigiously 
great, Newton calculated the velocity of the comet of 1680 
to be 880,000 miles an hour. This comet was remarkable for 
its near approach to the sun, being no further than 580,000 
miles from it, which is but little more than half the sun's 
diameter. Brydone calculated that the velocity of a comet, 
which he observed at Palermo, in 1770, was at the rate of 
two millions and a half of mUes in an hour. 

3. The luminous stream, or tiul, of a comet, follows it as it 
approaches the sun, and goes before it when the comet recedes 
from the sun. Newton, and some other astronomers, consider- 
ed the tails of comets to be vapors, produced by the excessive 
heat of the sun. Of whatever substance they may be, it is 
ceitain that it is very rare, because the stars may be distinedy 
seen through it. 

limits of the eolar system is Taiiously stated, from 350 to 500. Tbe paths 
or orbits of about 98 of IhesB have been calculated from observation of the 
times at which they most QBarly approached the sun ; their distance from 
it, and from the earth, at those times ; the direction of their movements, 
whether from east to west, or from west to east ; and the piaces in the 
Btarty sphere at which their orbite ctoeeed that of the earth, and their in- 
clination to it. The rSBUlt is, that, of these 98, 24 passed betmeen the sua 
and Mercury, 33 passed between Mercury and Venus, 21 between Venus 
and the earth, 16belween the earth and Mara, 3 between MaiB and Ceres, 
and 1 between Ceres and Jupiter; that 50 of these cometa moved from 
east to west ; tiiat their orbits were inclined at every possible angle to that 
of the earth. Tiie greater part of them ascended above the orbit of the 
earth, when very near the sun ; and some were observed to dash down 
from the upper regions of space, and, after turning round the sun, to mouot 

What is tbe number of cometd that have occasionally appeared? What 
discoveries have been made conceming 96 of them? What is tbe result] 
What is the form of the orbiM of comets 1 What is said of the motion of 
comets when in petihellon? What did Newton calculate the velocity of 
Uie comet of 1680 to be in an hour? For what was this comet remarka- 
ble ? What is said of the luminous stream of a comet as it approachea 
HDd recedes from the sun? What did Newton, and some otbei astiono, 
mers, conuder the tails of comets to be ? 
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4. The tails of comets differ very greatly in length, and 
some are attended apparently by only a small cloudy light, 
while the length of the tail of others has been estimated at 
from 50 to 80 millions of miles.* 

* It has Ewen aigued that comets cousiat of very little solid substance, 
baeauBo, althoogh thay sometimes approach very near to the other heaven- 
ly bodies, they appear to exert no sensibTe attrac^ve force upon those 
bodies. It is said that, in 1454, the moon was eclipsed by a comet. The 
comef must, therefore, have been very near the earth, (less than 340,1100 
miles ;) yet it produced no sensible effect on the earth or the moon ; for 
it did not cauee them to make any perceptible deviation from their ac- 
customed paths round the aim. It has been ascertaiaed (hat comets are 
disturbed by the gravitating power of the planets ; but it doee not appear 
that the planets aro in like manner afTected by comets. 

Many comets escape observation, because they CravBree that part of 
the heavens only which is above the hoiizon in the daytime. They are, 
therefore, lost in the brilUancy of the atm, and can be seen only when a 
total eclipse of the Bun takes place. Seneca, 60 years before the Cbri» 
lian era, states that a lai^e comet was actually observed very near the 
sun, during an eclipse. 

Dr. Halley and Professor Encke and Biola ore the jiist astmnomers that 
ever successfully predicted the return of a comeL The peiiodical time of 
Halley's comet is about 76 years. It appeared last in the fallof IS35; 
that of Euoke is about 1300 days ; that of Biela about (!| yeara. This 
last comet appeared in 1833 and in 1338. 

The comet of 1758, the return of which was predicted by Dr. Halley, 
was regarded with great interest by astronomers, because its return tnns 
predicted. But four revolutions before, in 1456, it was looked upon with 
the utmost horror. Its long tail spread consternation over all Europe, al- 
ready terrified by the rapid eucoets of the Turkislf arms. Pope Callixlus, 
on this occasion, ordered a prayer, in which both the comet and the Turks 
were included in one anathema. Scarcely a year or a month now elap- 
Efs without the appearance of a comet in our system. But it is now 
known that they are bodies of such extreme rarity, that our clouds are 
massive in comparison with them. They have no more density than the 
air under an exhausted receiver. Herschel saw stars of the 6th magnitude 
through a thickness of 30,000 miles of comstic matter The number of 
comets in existence within the compass of the solar system, is stated by 



lal ia said in the note with regard to comets ? Who were ( 
lomera that successfully predicted the return of a comet? A 
iriodical tune of Halley's comr^l? Of Encke'sT OfBiela'sl 
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332. The stars are classed into si 
largest are of the first magnitude, and the smallest that 
can be seen by the naked eye, are of the sixth. Those 
stars which can be seen only by means of telescopes, 
are called telescopic stars. 

1. The distance of the fixed stars cannot be determined, be- 
cause we have no means of ascertaining the distsince of any 
body which exceeds 200 thousand times that of the earth from 
the smi. As none of the stars comes within that limit, we can- 
not determine their real distance. It is generally supposed 
that part, if not all, of the difference in their apparent magni- 
tudes is owmg to the difference in their distance.* 

3. Although the stars generally appear fixed, they all have 
motion ; but their distance being so immensely great, a rapid 
motion would not perceptibly change their relative situation in 
two or three thousand years. Some have been noticed alter- 
nately to appear and disappear : several that were mentioned 
by ancient astronomers, are not now to be seen; and some are 
now observed, which were unknown to the ancients. 

3. Many stars which appear single to tho naked eye, when 
viewed through powerful telescopes, appear double, treble, and 
even quadruple. Some are subject to variation in their ap- 
parent magnitude ; at one time being of the second, or third, 
and, at another, of the fifth or sixth magnitude. 

333. The Galaxy, or Milky Way, is a remarkably 
light broad zone, visible in the heavens, passing from 
northeast to southwest. It is supposed to consist of 
an immense number of stars, which, from their apparent 
nearness, cannot be distinguished from each other. 

1. Dr. Herschel saw, in the course of a quarter of an hour, 
the astonishing number of 116,000 stars pass thiough the field 
of bis telescope, while it was directed to the milky way. 
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2. The anciente, in reduciiijj astionomy to a science formed 
tlie stars into clusters, cr constellatKms to ^hich Itej f,aTe 
particular names. 

3. The number of constellations among the ancients was 
about fifty. The moderns hayt added about fifty more ^ 

4. On a celestial globe, the largest star m each constellation 
is usually designated by the first letter of the Greek alphabet ; 
and the nest largest by the second, &c. When the Greek 
alphabet is exhausted, the English alphabet, and then numbers, 
are used. 

5. The stars, and other heavenly bodies, are never seen in 
their true situation, because the motion of light \a progressive ; 
and, during the time that light is coming to the earth, the 
earth is constantly in motion. In order, therefore, to see a 
star, the telescope must be turned somewhat hefwe the star, and 
in the direction in which the earth moves. 

Hence, a ray of light passing through the centre of the 
telescope, to t}ie observer's eye, does not coincide with a direct 
line from his eye to the star, but makes an angle with it ; and 
this is termed the aberratifm ofligh.t.\ 

6. The daily rotation of the earth on its axis causes the 
whole sphere of the fixed stars, iScc, to appear to move round 
the earth every twenty-four bom's from east to west. To the 
inhabitants of the northern )iemisphere, the immoveable point, 

* Our obaervaKons of the 
those of the northern hemis] 
pole we know hut litUo. 

t III detErmining the true piece of any of tho celestial bodies, the re- 
fractive power of the atmosphere must always he takou into ooneideratioa. 
Tliie property of the atmosphere adds to the length of the days, by causing 
tho eun to appear ie/are it has actually risen, and by detaining its appear- 
ance after it has actually set. 

How did the aucieuta divide the stats 7 What was the number of oon- 
BtellatiODS among the anoients 7 How many have boon added by the mod- 
ems? How are the BtatB designated on the eelestial globe J What is the 
situation of each ooustellation now! IlIuBtrato this. What ia the cause 
of this difference 1 Why do we not see the stam, and other heavenly 
bodies, in their true situation ? How can a star be ssen in its true situa- 
tion? What is meant by the aberration of light? What is iieeeaaary to 
be taken into (oiisi deration, in determining the true place of the colestiut 
bodies X What effect has this property of the atmosphere on the lenglli 
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on which the whole seems to turn, is the Pole Star. To the 
inhabitants of the southern hemisphere, there is another, and 
a correspondiaff point in the heavens. 

7. Certain of the stars surrounding the nortii pole, never 
set to lis. These are included in a circle parallel with the 
equator, and in every part equally distant from the north pole 
star. This circle is called the circle of perpetual appariticm,. 
Others never rise to us ; these are included in a circle equally 
distant from the south pole ; and this is called the circle of 
perpetual occultatum. Some of the constellations of the south- 
ern hemisphere are represented as inimitably beautiful, par- 
ticularly the cross. 

334. The parallax of a heavenly body is the difference 
between the true and the apparent situation of the body. 

1. In Fig. 158, AG-B represents the earth, and C the 
moon. To a spectator at A, the moon would appear at F ; 
while to another at B, the moon would appear at D ; but to a 




third spectator at Gf, the centre of the earth, the moon would 
appear at E, which is the true situation. The distance from F 
to E is the parallax of the moon when viewed from A, and the 
distance from E to D is the parallax when viewed froni B. 

2. From this it appears, that the situation of the heavenly 
bodies must always be calculated from the centre of the earth ; 
and the observer must always know the distance between the 
place of his observation and the centre of the earth, in order to 
make the necessary calculations, to determine the true situa- 
tion of the body. Allowance also must be made for the re- 
fraction of the atmosphere. 
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335. The moon is a secondary planet, revolving about 
the earth in about 29| days. Its distance from the 
earth is about 240,000 miles. It turns on its axis in 
precisely the same time that it performs its revolution 
about the earth. Consequently it always presents the 
same side to the earth. 

I. The most obvious fact in relation to the moon,* is that 

* The surface of the mooa appears to bo volcanic aod very mounUm- 
Dus. Occasional volcanoes have been eeen in action on the dark side. 
No heat hae been delected in the moon's rays, even when most powerfully 
concentrated, thnt will atfect the moat delicate thermometer; and hence 
some have inferred that the moon extracts the heat from the sun's lays 
before it refieets them. 

One of the most common errors, with regard to the moon, is that which 
ascribes to it an influence over the weather. Tables of the weather have 
been compared with fhe lunar phases for a period of a hundred years, and 
over a thouaaod iunatious, during which time about 491 new or full moous 
have been attended by a change of the weather, and 509 have not 

The moon is equally Innocent of putrefaction, notwithstanduig the pop 
ular belief that it hastens that procesi, especially in fish. The same cause 

moisture is the real cause of pulrefactioo. 

Dr. Olbera of Bremen, by a oomparisou of a groat number of cases, ar- 
rived at the conclusion that the moon has no effect on insanity; although 
the popular belief is that the fits are aggravated or affected by the lunar 
phases. 

The density of [he moon is estimated at about one-fiflh that of the 
earth ; hence 10 pounds on the earth will be r^ual to H on the moou. 
The days and nights on the moon are each equal (o 14 of our days. The 
axis of the moou is perpendicular to its orbit, and therefore the moon can 
have no variety of seasojis. The moon likewise has no atmosphere, and 

DO oceau, no liquids, no light in dwellings, no twilight; in short, iiotliing 
that could fit it for the habitation of auy order of beings with which we 
are acquainted. 

n with what has now been stated with regard to tho moou 

earanccE, it will be proper to notice the subject of a«rD- 

ineai because, according to the opinion of some, they 

Three theories have been broached with regard to 

Eondary planet? How long is it in 
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its disk is constantly changing its appearance, soniiitimoa only 
a semicircular edge being illuminated, while the rest is dark ; 
at another time, the whole surface appearing resplendenL 
This is caused by the relative position of the moon with 
regard to the sun and the earth. The moon is an opaqne 
body, and shines only by the light of the sun. Wlien, there- 
fore, the moon is between the earth and the sun, it presents 
its dark side to the earth ; while the side presented to the 
sun, and on which the sun shines, is inyisible to the earth. 
But when the earth is between the sun and the moon, the illu- 
minated side of the moon is visible at the earth. 

2. In Fig. 159, let S be the sun, E the earth, and A B C D 
the moon in different parts of her orbit. When the moon is at 
A, its dark side will be towards the earth, its illuminated part 
being always towards the sun. Hence the moon will appear 
to us as represented at a. But when it has advanced in its 
orbit, to B, a small part of its illuminated side coming in sight, it 
appears as represented at 6, and is said to be horned. When 
it anives at C, one-lialf its illuminated side is visible, and it 
appears as at c. At 0, and in the opposite point of its orbit, 
the moon is said to be in quadrature. At D its appearance 

them: lat, (lint they arc formed in the air, from matsrials existing there 
in a sublimated alata ; 2d, that they are parts of an eiploded planet ; 3d, 
that tliey are thrown from the voicanoea \a the moaa. 

To the first of th«se theories there is a material objection, iu the fact 
that gases, when in contact, must mix, and gasfs necessary to form thoao 
Bubstaiicee cannot, therefore, remain in the air unmixed. 

To the aecond hypolhesia it may be objected, that if they were parts of 
a broken planet, they would probably be composed of more heterogeneous 
materials. But it is well known tiiat all of Ihem are composed of Ihe aame 
constituent parta, namely; sulphur, magnesia, manganeae, iron, nickel, 
chromium, and in one recorded instance only, charcoal. 

In favor of the third supposition, which refers them to a lunar ori- 
gin, it may be remarked, that a body thrown 70 miles from the moon, 
would escape from the moon's attraction ; and that a velocity six limes 
greater than that of a cannon-ball, would he aiifhcient to throw a body 
beyond the moon's attraction. As terrestrial volcanoes have thrown bodies 
with this velocity, it is not improbable Ihat lunar volcanoes may do the 
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is ns represented at d, and it is said t« be gibbous. At E aU 
illiirainaLcd side is towards us, and we have a, full moon. 
During tlie otiier half of its revolution, less and leas of ils 
illuminated aide is seen, till it again becomes invisible at A.* 




3. The mean difference in the rising of tlie moon, caused by 
its dailj motion n i little less than an hour. But on account 
of the diHercnt angW formed with the horizon by different 
parts ol the echpUe it hiippens that for six or eight nights 

• The followi ig s gns are need in our common ahnanaos to denote the 
different positons and phaaea of the moon. ) or J) denotes the moon in 
Iho first quadrature ; that is, the quadrature between change and full ; 
( u[ Z denotes the monn in the last quadrature ; that is, the quadrature 
between full and change ) O denotes new moon ; # dcnotee full mooa. 

When viewed through a telescope, the surface of the moon appeara 
wonderfully diversified. X.arge dark spots, auppoeed to be excavations or 
valleys, are Tisihlo to the eye ; some parts alao appear more lucid than th« 
general en*rface. Th^e are ascertained to he mountains, by the ehadows 
which they cast Maps of the moon's surface have been drawii, on 

given lo them. Some of these excavations are thought to he 4 miles deep 
and 40 wide. A high ridge generally snrronnds them, and often a. moun- 
tain lines in the cei>tre. These immense depressions probably very much 
resemble what would be the appearance of the earth at the moon, were all 
the seas and lakes dried up. Some of the mountains are supposed to be 



1 moon appear when viewed through a telescope 7 What 
■ejice in (he rising of the moon J What is the mean differ 
,g of the moon 1 
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near the full moons of September and October, the moon rises 
nearly as soon as the sun is set. As this is a great convenience 
to the husbandman and the hunter, inasmuch as it affords 
them light to continue their occupation, and, as it were, length- 
ens out their day, the first is called the harvest moon, and 
the second the hunter's moon. These moons aie always 
most beneficial when the moon's ascending node is in or near 



336. The tides are the regular rising and falling of 
the water of the ocean twice in about 25 hours. They 
are occasioned by the attraction of the moon upon the 
matter of the earth ; and they are also affected by that 
of the sun. 

1. Let M, Fig. 160, be the moon revolving in her orbit; E the 
earth coveied with water, and S the sun. Kow the weight of 




• The reader who wishes a aimple and clear illuetcation 
which produoB the harvest moon, is referred lo Wilkins's Asl 
£9. To those who wish a fuUer treutise on aeUoDomy than 
in this volume, Phillip's " Eight Familiar LBctiires" are r 
They give a clear illuetialiou of those portioua of the subject 
require the aid of tho mathematics. 



What is the harveet moon 7 What \s Ihe hunter' 
the mooiie always the most beneficial ? 

:i3fi. What are tides 1 By what are they occaaioi 
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m 15 m m A nse 

m jn d axth 

_. ihus anj particular plaice, as A, whilp passin,, from under 
the moon till it comes Tinder the moon agun, has two tides 
But the moon is constantly advancing in its oibit so that the 
e^lth must a little more than complete its rotation, before the 
place A comes under the moon This cau&es high water 
dt an\ phce about fifty minutes later each successive day 

3 As the moon's orbit ^anea but little from the ecliptic, 
the moon is never more than 23° tiom the equator, and IS 
gencially mucn less Hence the waters about the equator 
being nearer the moon are more strongly attracted, and the 
tides are higher thw tow aids the poles 

4. The sun attracts tlie waters as welJ as the moon. When 
the moon ia at full or change, being in the same line of direc- 
tion, {see Fig. 160,) the sun acts with it; that is, the sun and 
moon tend to raise the tides at the same place, as seen in the 
figure. The tides are then very high, and are called spring 
tides. 

But when the moon is in its quarters, as in Fig. 161, the 

Explain the theory from Fig, 160. What ia Iho greatest distance of the 
moon from the ennalor? Where are the tides highest? Why? Has 
tlie sun any effect on the tides! What are spring tidei? When do they 
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sun and moon being in lines at right angles tend to raise tiiioa 







at different places ; namely, the moon at and D, and the sun 
at A and B. Tides that are produced when the moon is in its 
quarters, are low, and are ualled neap tides.* 



337. An eclipse is a total or partial obscuration of one 
heavenly body by the intervention of another. 

1. The situation of the earth with regard to the moon, or 
rather of the moon with regard to the earth, occasions eclipKea 
both of the sun and moon. Those of the shd take place when 
the moon, passing between the sun and earth, int«rcepts his 
rays. Those of the moon take place when the earth, coming 
between the sun and moon, depiives the moon of hb light. 
Hence, an eclipse of the sun can take place only when the moon 
changes, and an eclipse of the moon only when the moon fulls ; 

' There are so many natural difficulties to the froe progress of tlie tides, 
..il the theory by which they are accounted for is, in fuel, and necessarily, 
(he most imperfecl o( a!\ the theaiips connected with astroiianiy. It is, 
however, indiapatable, that the moon has an eftect upon the (ides, although 
it ba Dot equally felt in at! places, owing to the indentations of the coast, 
the obstructions of islands, continents, &c., which prevent (lie free motion 
of the waters. In narrow rivers, the tides are frequently very high and 
Buddeu, from the resistance afibrded by their banks to the free ingress of 
the water, whence wliat Would otherwii^e be a tide, becomes an accumu- 
lation. It hsa been constantly observed, that the spring tides happen at 
the new aud full moon, and the neap tidea at tbe quarters. Tliis circum- 
stance is sufficient hi Itself (o prove the connexion between the influence 
of the moon and the tides. 
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for at the time of an eclipse, either of tlie sun or the moon, the 
sun, earth, and moon, must be in the same straight line. 

2. If the moon revolved around the earth in the same plane 
in which the earth revolves around the sun, that is, in the 
ecliptic, it is plain that the sun would be eclipsed at every new 
moon ; and the moon would be eclipsed at every full. For at 
each of these times, these three bodies would be in the same 
straight line. But the moon's orbit does not coincide with the 
ecliptic, butisincLned to it at an angle of about 5° 20'. Hence, 
since theappaj-ent diameter of the sun is but about -J- a degree, and 
that of the moon about the same, no eclipse will take place at 
new or full moon, unless the moon be within J- a degree of the 
ecliptic, that is, in or near one of its nodes. It is found that 
if the moon be within 10^° of a node at time of change, it will 
be so near the ecliptic, that the sun will he more or less 
eclipsed; if within 12° at time of full, the moon will be more 
or less eclipsed, 

3. It is obvious that the moon will he oftener within 16^ of 
a node at the time of change, than within 12° at the time of 
full ; consequcntlj- there will he more eclipses of the sun than 
of liie moon in a course of years. As the nodes commonly 
come between the sun and earth but twice in a year, and the 
moon's orbit contains 360°, of which 16A°, the limit of solar 
eclipses, and 12°, the limit of lunar echpses, are but small 
portions, it is plain there must be many new and full moons 
without ajiy eclipses. 

4. Altnuugh there are more eclipses of the sun than of the 
moon, yet more eclipses of the moon will be visible at a par- 
ticular place, as Boston, in a course of years, than of the sun. 
Since the sun is very much larger than either the earth or 
moon, the shddow of these bodies must always terminate in a 
point; that is, it must always be a cone. In Fig. 163, let S 
be the sun. m the moon, and E the earth. The sun constantly 
illuminates haif the earth's surface, that is, a hemisphere ; and 
consequently it is visible to all in this hemisphere. But the 



Wh 


,at is » 


ece68£ 


iry at the lime of a; 


„ eclipse 1 


' How 


ofteu 


would there 


beau 


edLpse 


., it th 


moon went round 


the earth 


jiUhesa 


me pi, 


lue in which 


tlio ea 




3srou 


.id the suii; Why 


1 What 


is the 




lation of the 




BorUt 


to the 


< ecliptic ? What is 


the appa 


rout die 




of tho sun 






Wha 


t foilowB from this ? 


When is 


the sun 


eciip. 


led? When 


tliem 


OOH? 


Does 


aa eclipse happen 


every tim. 


s there 




full or 1,6* 


moon 


7 What mi 


ist tho sliadowa of theae bodies 


always 


be I 


Why I 



>iKGoogle 



moon's shadow falls upon a part only of this hemispliere ; and 
lience the sun appears eclipsed to a part only of tliose to whom 




it is visible. Sometimes, when the moon is at ite greatest di^ 
tance, its shadow, Om, terminates before it rt aches the earth 
Tn eclipses of this kind, to an inhabitant directly under the 
point 0, the outermost edge of the sun's dii-k i* seen, forming 
a bright ring around the moon ; from which circumstance 
these eclipses are called annular, from armulvs, a Latm word 
for ring. 

Besides the dark shadow of the moon, to 0, m which all the 
light of the sun is intercepted, (in which case the eclipse is 
called total,) thera is another shadow, rCDS, distm^t fium 
the former, which is called the penumbra. Withm this only a 
part of the sun's rays are intercepted, and the eclipse is called 
partial. If a person could pass, during an e^hp^e of the sun, 
from to D, immediately on emerging from the dark shadow, 
O m, he would see a small part of tiie sun ; and would con- 
tinually see more and more till he arrived at D, where all 
shadow would cease, and the whole sun's disk he visible. Ap- 
pearances would be similar .if he went from to C. Hence 
the penumbra is less and less dark, {because a less portion of 
the Him is eclipsed,) in proportion as the spectator is more re- 
mote from O, and nearer C or D. Though the penumbra be 
continually increasing in diameter, according to its length, or 
the distance of the moon from the earth, still, under the most 
favorable circumstances, it falls on hut about half of the illu- 
minated hemisphere of the earth. Hence, by half the in- 
habitants on this hemisphere, no eclipse wiD be seen. 

5. Fig. 163 represents an eclipse of the moon. The instant 
the moon enters the earth's shadow at x, it is deprived of the 
sun's lit;ht, and is eclipsed to all in the unilluminated hemi- 

1 eclipse called annular T Explain by Fig- 
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sphere of the eartb. H ncp eclipse^ if the -noon are \iaible 
to at least twice as manj inhabit ints as thj'M, oi the sua can 




be ; generally the proportion is nnich gre'iter Thus the iti- 
hahitants at a particulai place, is Boston see morf ccLpses of 
the moon than of the sun 

6. The reason why a Iwnar eclipse is -visible to all to whom 
the moon at the time is visible, and a solar ono is not so to all to 
whom the sun at the time is visible, may be seen from the na- 
ture of these eclipses. We speak of the sun's bein^ eclipsed ; 
but, properly, it is the earth which is eclipsed. No change 
takes place in the sun ; if there were, it would be seen by all 
to whom the sun is visible. The sun continues to difliise its 
beams as freely and uniformly at such times as at others. But 
those beams are intercepted, and the earth is eclipsed only 
where the moon's shadow falls, that is, on only a part of a 
hemisphere. In eclipses of the moon, that body ceases to re- 
ceive light from the sun, and, consequently, ceases to reflect 
it to the earth. The moon undergoes a change in its ap- 
pearance ; and, consequently, this change is visible at the same 
time to all to whom the moon is visible; that is, to a whole 
hemisphere of the earth. 

7. The earth's shadow (like that of the moon) is encom- 
passed by a penumbra, CRSD, which is faint at the edges 
towards B. and S, but becomes darker towards F and G. The 
shadow of the earth is but little darker than the region of the 
penumbra next to it. Hence it is very difficult to determine 
the exact time when the moon passes from the penumbra into 
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the shadow, and from Iht, shadow into the pcnurabrsi ; that is, 
when the eclip-ie be,rins and end'- But the beginning and 
ending of a soUr tulipse iinj be detirmincd almost instan- 
taneously. 

8. The diameters of the iun and mjon are supposed to be 
divided into 12 eq^ual part', called digits. These bodies are 
said to have as manj digits eclipsed as there are of those parts 
involved in darkness 

fi. There must be an eclipse of the sun as often, at least, as 
one of the moon s nodes comes between the sun and the earth. 

10. The greatest number of both solar and lunar eclipses 
that can take place duiing a year is seven. The usual number 
is four — two solar and two lunar. 

11. A total eclipse of the sun is a very remarkable phe- 



12. June IG, 180G, a very remarkable total eclipse took 
place at Boston. The day was clear, and nothing occurred to 
prevent accurate observation of this interesting phenomenon. 
Several stars were visible ; the birds were greatly agitated ; a 
gloom spread over the landscape, and an indescribable sensa- 
tion of fear or dread pervaded the breasts of those who gave 
themselves up to the simple effects of the phenomenon, without 
having their attention diverted by efforts of observation. The 
first gleam of Lght, contrasted with the previous darkness, 
seemed like the usual meridian day, and gave indescribable 
hfe and joy to the whole creation. A total eclipse of the sun 
can last but tittle more than three minutes. An annular eclipse 
of the sun is still more rare than a total one. 



338. When time is calculated by the sun, it is called 
solar time, and the year a solar year ; but when it is 
calculated by the stars," it is called sidereal time, and 

» The solar year consiale of .S65 days, 5 houte, 48 miiiutea, and 48 eeo- 

luto what ate the diametere of the euu and meon supposed to be divi- 
ded ? How many digits are these bodies said to have eclipsed ? How 
oflen niuEt (here bo an eclipse of tho sun T What is the greatest number, 
of both lunar and solar eelipeee, that can take place in a year? What is 
the nsnal number? What Is said of the eclipse of tlie sun in 1806? 

338. What la time called when calculated by the sun 7 What is sAi>- 
real time? How much longer Is the eidureal year Ihan the eolar? 
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the year a sidereal year. The sidereal year is 20 
minutes and 24 seconds longer than the solar year. 
1. A Bolar year* is measured from the time the earth 

ands; but oui common reckouiog gives 365 days only to the yeai. As 
the dliierence Biiiounls to nearly a quarter or a day every year, it ia usual, 
every fourth year, to add a day. Every fourth year, the Itomans reck- 
oned the 6ih of the calends of March, and ikt follou/ing day as one day: 
which, on that account, they ca]Ied bissextile, or twice the 6th day ; whence 
we derive the name of bissextile for the leap year, in which we give to 
February, for the same reason, 29 days every fourth year. 

* As it may be interesting to those who have access to a celestial globe, 
to know how to tiiid any particular star or constellation, the following di- 
rections are subjoined: 

There is alwiiys to be seen, on a clear night, a beautiful cluster of seven 
brilliant stare, which belong to the constellation " Ursa Major," or the 
Great Bear. Some have supposed that they will aptly represent a plough ; 
others say that they are more like a wagon and horses, the four stars rep- 
resenting the body of Uie wagon, and the other three the horses. Hence 
tliey are called by some the plough, and by others they a 
C/iarhs'a wain, or tnagon. 

Fig. IGirepreseatatheseseven stars; ijfidg' Fig. IM 

represent the four, and e z B the other three p 

stars. Perhaps they may more properly ba 
called a large dipper, of which r,z& represent 
the handle. If a line be drawn through the 
stars b and V, and carried upwards, it will pass 
a little to the loft, and nearly touch a star rep- 
resented iu the figure by P. This is the polar 
star, or the north pole star ; and the stars b 
and o, which appear to point to it, are called 
le they appear to point to 



I called 









e cL ^ 
t 



1 Steady and 



The polar star shines with i 
rather dead kiud of light. It always appears + 

tlie earth alwaj's points to it at all seasons of the year. The other stars 
^eein to move rotmd it as a centre. As this star is always in ttie north, 
llie cardinal points may at any time be found by starlight. 

Uy these stars we can also find any other star or constellation. 
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Beta out from a particulw point in the ecliptic, as an equinox, 
or solstice, iintil it returns to the same point agiun. A sidereal 
year ia measured by the time that the earth takes in making 
an entire revolution in its orbit ; or, in other words, from the 
time that the sun takes to return into conjunction with any 
fixed star. 

2. Every equinox occurs at a point, 50" of a deg. of the 
great circle, preceding the place of the equinox, 13 months be- 
fore ; and this is called the precession of the equinoxes. It ia 
this circumstance which has caused the change in the situation 
of the constellations of the zodiac, of which mention has al- 
ready been made. 

3. The earth's diurnal motion on an inclined axis, together 
with its annual revolution in an elliptic orbit, occasions so much 
comphcation in its motion, as to produce many irregularities ; 
therefore true equal time cannot be measured by the sun. A 
clock, which is always perfectly correct, will, in some parts of 
the year, be before the sun, and, in other parts, after it. There 
are but four periods in which the sun and a perfect clock wUl 
affreei these are the 15th of April, the 16th of June, the 23d 
of August, and the 24th of December 

4. The greatest difference between true and apparent time 
amounts to between sixteen and seventem mmutcs Tables of 
equation are constructed for the purpose of porating out and 
correcting tbese differences between solar time and equal or 
mean time, the denomination given by aatronomers to true 

Thus, if wo conosivo a line drawn from tho star z, leaving B a little to 
the left, it will pass through the very hrilliHut star A. By looking on a. 
celeetial globe for the star :, and eupposiug the line drawn on Che glohe, 
as we conceive it done on the heavens, we shall fiad the star and its name, 
which is Arcturus. 

Conoaiving another line drawn through g and S, and extended somB 
distance to the right, it will pass just above another very brilliant stai. On 
referring to tho globe, we liud it lo be Capella, ot the goat. 

In this manner, the student may become aoquaiutsd with tne appear- 
ance of the whole heavens. 

What ia the preceesion of the equinoxes? What change baa thig cir- 
cumstance caused, with regard lo the situation of the oonslel I aliens ? Can 
true equal thne be measured by Ihe sun ? Why ? At what periods of Iho 
year do the sun and a perfect clock agree 1 Wliat is the greatest difier- 
snce between true and apparent lime) 
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QUESTIONS FOR REVIEW AND EXAMINATION. 



DiviaiONB or THE SUBJECT. 

Art. I.— What ia NatunJ Philosophy? 

Art. 3. — What are the principal branches of Natural Philosophy? What 
is Mechanical Of what does Pneumatics treat? Of what does 
HydroetaficB treat? Hyilraulice! Acoustics? PyronomicB? Op- 
tics? Astronomy? Electricity? Of what is Galvanism a branch ? 
Of whatdosB Magnetism treat? Electro- M agnctism ? Magneto- 
Electricity ? 

OF MATTBU AND ITS PKOPBBIIES. 
Art. 3 — What is Matter? 

Art. 4. — How many Bsseatial properti«fl of matter are there? What are 
they? Why are they called essenUal properties? What other 

dental propertiee? Are color and weight essential or accidental 
properiies? Why? What terms are used in Philosophy to eipress 
the elate in which matter exists? What follows from this? 

Fig. 1. Explain llie priudples which Fig 1 illustrate. What example 
can you give to prove the impenetrability of water? What of (he 
air? What of solids? 

Art. S. — What is meant by Impenetrability? Does impenetrability be- 
long to fluids? Why do fluids appear le«e impenetrable than solid 
bodies! What is supposed to bo the form of the particles of fluids? 

Art. 6.— What is meant by Extension ? What terms are used to ei- 
presa the size of a body? What is length? Breadth? Height, 
depth, or thickness? What is the difference between height and 
depth? 

Art. 7.— What ia meant by Figure? May bodies be of the same shape 
or figure and of dilTetent dimensions ? Give an example. What 

Art. 8. — What ia meant by Divisibility? Ia there any known limit lo 

the divisibility of matter? Mention sojne examples of the extreme 

divisibility of matter. 
Ari 9.— Wliat is meant by the Indestructibility of matter? May it be 

changed in form and in external appearance? Give examples of 

such ehangea. 
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4rt 


lO.— Whiit 1b meant hy Inertia? Can a body at rest put itself in 




motion ? Can a body in motion slop itself! When a stone or baU 








to Btop itf What are they? How could a body in motion be 




made to move forever? 




Pig. 1. Fig, !. 


Rg-2 






Fig. a. 


\llT. 


1 J —What is attraolion ? Is every portion of matter attrEcted by 




every other portion of matter? How does thii altraclion m 




crease and diminieh? 


\J1T. 


IS.— How many kinds of attraction are there belonitjng to all 




malterT What is the attraction of gravitifion, or gravih ' 




What is lh« attraction of cohesion or cohesive attraitoii' 




What causes a slone to fall to the ground ' Bj what are (lie 




particles which compose the stone held together' Ol what is 




matter composed? Is the cohesive power which uniteo them 




the same in all bodies? How maj oohetive attraflion he illuB 




trated? Do Ihe parUdes of matter in bodies absolutely toufh 




eachothet! What are the epaces between them called ' What 




do you understand by density ? What hy ranty ^ 


Art. 






of it? 


Art. 




Art. 


15.— What is mobility? 


Art. 


16.— What ia elasticity? What anbalance possesses this property 




in a tematkaUe degree? 


Abt. 


lT._Whal ia malleability? Does this property belong to all the 




metals? What metal possesses it in the highest degree? 


Art 


lH._What iBbritlleness? What bodies are most brittle? 


Art 


1 9.— What is ductility T Which is the most diictile of the metab? 


Art 


20 What is tenacity ? Which is the most tenacious of the metals ! 
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QUESTIONS FOE EXAMINATION. 



1.— What do you underetand by the term gravity) Do ell bodiet 
possess IJiie attmction? To what is its forcitproportiDnal) If a 
body be unsupported, will it remain stationary? Why will it 

—What causes weight? When you say tiiat a body weighs ai 
iunce, what do you mean by it? What, therefore, is weight? 
—Where is the force of gravity greatest 7 How does it change 

How does it decrease abore the surface of the earth 7 How 

below? 



Art. a*. 



-In what dire 



I falling body approach the surfaci 
1 of suspension of different bodies ( 
he parallel ? Whers will they meet, if snfHcientIv produced 
Explain Fig. 3.. 

-Will aU bodies at equal distaaceB from the earth, fall to i 
he same time? Why not? What bodies fall fastest? 
riiat is the resistance of the air proportional 7 
Art. 8fir— Iq what proportion are all substances hifluenced by gravity? 
Is air affected by it? How far does the air extend abovi 
surface of the earth? What causee the air to be more deni 
Ihe HHrfaee of the earth? What caueee this pressure? Why 
does not the air fall to the earth like other bodies? Where is 
the air heaviest ? What effect have gravity and elasticity upon 
the air? 

Art. si. — What ia specific gravity? IlluBlrate this. Does the allrac- 
tioQofthe earth cause all bodies to fain What bodies will fall? 
What rise? How does the air cause them to tise? Why do 
not cork and other light liodies sink in water? Explain 
principle upon which balloons rise. What eflect has gravity on 
bodies lighter than the air? What eflect on bodies of equal 
weight? What effect on those that are heavier? What affects 
the rapidity of their descent ? To what is the resietauce of the 
air proportioned ? 



NICS— LAWS OF MOTION. 

Art. S8.— What is Mechanics? 

Art. 89.— What is motion? Why cannot a body put itself in 

Why cannot a body slop itself when in motion? 
Art. 30 — What is force? What is resistance? 

—When is the motion of a body in a straight line? 
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QUESTIONS rOR I 

Aht. 33. — To what is the velocity of a moving body proportional 1 

AnT. 34. — How IB the velocity of a moving body detenniiied t If oi« 
body go through six miles in an hour, and another twelve, hon 
does the velocity of the latter compare with that of the former! 
What ie meant by absolute velocity ? Give an example. Wl 
ie the velocity of a body termed relative 1 Give an example. 

Art. 35. — How Is the velocity of a body meaaared ? Illustrate this. 

Art. 36. — How do you ascortain the time employed by a body in r 
tian 1 Illustrate thie. 
p. 31. — How can you ascertaiu the space? Illustrate this. 

Art. 38. — ^How many ternia ate applied to motion to express its kind! 
What are they! What is uniform motion! Accelerated? 
Retarded ? 

Art. 39— How is nniform motion produced! Why is not a ball alraok 
by a bat, or a stoae thrown from the hand, an instance of uni- 
form motion! How can it be made an instance? 

Art. *0.— How is accelerated motion produced 7 Give ai 

accelerated motion. How far does a. stone fall the first second 
oftimel Theeecond? Third! Fourth! How can 
sure the height of a building, or the deplh of a well ! 

Art. 41. — How is retarded motion produced! Give an example. How 
does the time of the ascent of K body thrown perpendicularly 
upwards, compare wilh that of its descent' Why cannot 

Art, 43. — What is the momentum of » body! How can the mo 
turn of a body be ascertained? Does the quantity of ir 
commnnicated to a body aSect the duration of the motion 
but little moUou is communicated, how will the body move 
a great degree? How long will the motion continue! 
can a light body be made to have a greater momentum tli 
heavy one ? Give an instance of this, 
r. 43.— What is meant by action? Reaction? Illustrate this. 

Art. 44. — How do action and reaction compare ! 

Fig. 4. Explain fig. 4. 

Fig. 4. 



.u. 
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iSAMINATION. 



Fig. 5. Esplain the experiment of Fig. 5. 

Fig. 6. Expliun the experiment of Fig. 6. Upon what principle do birds 

fly? ExplMn how. Upon what principle do fiehea swim? 

Upon what principle do boats move upon the water ) Explain 

Art. 45.— How may mofion be oauaedT When caused by action, what 
is it called? When caused by reaction, what ia it termed? 

Art. 46. — What is the aagio of incidence? What is an angle? Upon 
what does the size of an angle depend? What is a cu\:Le? 
What are radii! What lines in Fig. 8 are radii? What are 
diameters? In Fig. 8, what line is the diameter! How is the 
circumference of all cireles divided? Into how many parte does 
the diameter of a circle divide it ! How are all augies itiea- 
Bured? 

Fig. 8. Illualrate this by Fig. 8. How many degrees do right anjrlcs 
coulain? Acute? Obtuse! II luatrato these angles by Fig. 8. 
What is a perpendicular line? What lioe is perpendicular in 
Fig.8? WhalisaWugent! What line is a tangent in Fig.8? 
What is a square? What ia a parallelogram! A rectangle ? 
What is a diagonal ? What lines are diagonals in Figs. 9, 10, 

Fig. 7, Explain the angle of incidence by Fig. 7. 

Abt. 41.— What is the angle of re9eotion ? Illuelrate this by Fig. 7. 

Art. 48>— How do the angles of incidence and reSection compare with 
each other? liiusttate this by Fig. 7. What follows from what 
has been stated with regard to the angles of incidence and 
reflection ? 

Art. 40.— What is compound motion! 

Art. so. — In what direction will a body, struck by two equal forces in 
opposite directions, move? 

Art. si, — When slruclt by two forces iaelinod to each other, how wil! 
it move ? What is this line called ? 

Fig. 9. Illus^ate these, first, by IHg. 9, wliich represents a ball struck 
by two equal forces in difterent directions. 

Fig. 10. Second, by Fig. 10, which represents a ball stmck by two un- 
equal forces, acting at nght angles. 

Fig. 11. Third, by Fig. 11, where the forces operate in the direction of 
an acufe angle. Fourth, by Fig. 11, where the forces operate 
in the direcUou of an obtuse an^e. 

Art. S2 What is ctcular motieu ! How is it caused ? Illuetrale liiis. 

Art. 53. — IIow many different centres are there which require to he 
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;a) Tow 






islf of 



Art. 55. — Wliat are the two forces called which produoo circular 

lioiit What IB the name ot each? What do the words ceil 

etal and centrifugal mean ^ 
Art. S&t — Define a centripetal force. Also a centrifugal force. 
Akt. JST, — If the ceutrifngal force be deattoyed, to what point will 

body tend) What wonid he its direction if the centripetal force 

were destroyed ? Give an example. 
Art. 58.— What parts of a tody move with the greatest velocity ? Ii 

what proportion does the yelocity of all the parte diminish ? 
Fig. la. What does Fig. 19 represent 1 

r, 59.— What follows, with regard to the motion of the earth, fron 

the illustration of Fig. 12? 
Art. 60.— Of what is curvilinear motion always the result T Why ? 
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340 auESTiONa roR examination. 

Art. 61.— How mauy forces act upon a ball thrown in a horizontal di- 
rection 7 What are thay ? Why do bodies fail to the ground ~ 

Art. 6».— Dob3 (he force of gravity either increase or decrease the foiT 
of projection? Give an illustration. 

Fig. 13. Explain Fig. 13. 

Art. 63. — What is a projectile? What lines do projectiles describe! 
From what cause? Give tho illustration. 

Fig. 14. Eipiain Fig- 14. How great is the resistance of the air c: 
lated to be to a cannon-ball of two pounds weight, with 
Telocity of 2000 feel in a second 1 

Art. 64. — When a body is thrown horizon tally, or upwards or down- 
wards obliquely, in what curve vi'ill it move? In what line wil" 
it move when thrown upwards or downwards perpendicularly ? 

Fig. 15, Eiplain Fig. 15. 

Art. 64. — -What is the random of a projectile? At what angle doea 
the greatest ranctom take place ? 

Hg. 16. Eipl^n Fig. 16. 

Art. 66— When the centre of gravity of a body is supported, will the 
body stand or fall ! What if the centre be unsupported ? What 
is a liae of direction? 

Art. 61 What is the base of a. body ? 

Fig. 17. Explain the base in Fig. 17. 

Fig. 18. Eiplain what is meant by the base in Fig. la 

Art. 68 — If the line of direction fells within the base, will the body 
stand or fall ? Give an illustration. 

Art. 69.— What shaped bodiea are easily OTOrtumed? Wha6 bodies 
must Bland more firmly than ottiere ? Why ? Why do bodies 
which have a narrow base overturn more easily than those which 
have broad bases ? Why can a person carry two pails of water 
more easily than one? Why is a pyramid the firmest of all 



Art. to — If two bodies of equal weight are fastened together, where 

the centre of gravity ? If one be heavier than the other? 
Fig. 19. What does Fig. 19 represent? 
Fig. 20. What dots Fig. 20 represent? 
Fig. 31. What does Fig. 31 represent? Explain each one separately. 
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Art. II.— What is resuiti 

of motion. 
Fig. 22. Explain Fig. 23. 



QUESTIONS 1 



Akt. lit- — Of what does a pendulum coneielJ By whom waa the pen 
dulum invBiited? What led him lo the discovery? By whon 
wBB the principle of gravitation discovered t What led him to 



idultim called ? What is 



Akt. T4. — How do the yibrations of pendulums of equal length c 



23. Explaltt this by Fig. S3. 
Akt. tSi — Upon what does the ti 



B of the vibrations of a pendulun 



Art. T6. — What is the length of a pendulom which vibrates asty tjj 
iu a minute 7 Do different situations affect the vibrations t l 
can a pendulum which vibrates seconds at the equator be made 
to vibrate seconds at the poles 7 
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342 auBSTioNs FOR examination- 

Art. ?T.— How is a clock regulated? What effect has the lengthening 
of the pendulum? The ehortening? What ia a clock? Of 
what use le the weight? What do the wheels sliow? Why di 
clocks go slower in summer than in winter? How does a watcl 
differ Irom a clock 1 

OF THE MECHANICAL POWERS. 

Art, 79. — What are tha mechanical powers? How many things an 

to bo considered in order to understand the power of a machine 

What is (he first ? Second? Third? Fourth J Fifth? What 

is the power that acts? What is the resistance to be overcome? 

What is the fulcrum ? What is the velocity ! 
Art. 19. — How many mechanical powers are there) What are they? 
Art. 90. — What is a lover? How many kinds of levers are there? 

How do they differ T 
Art. 81r-What is a lever of the first kind? What figure illustrates 

thisT 
Fig. 24. Explain it by Fig. 34. To what is the advantage gained by 

this lever proportional? What follows from this? What iE 

meant by an inflexible bar? What is a fundamental principle 

in Mechanics ? 
Fig 25. UluBtrale this by Fig. 25. Does this principle apply to all the 

mechanical powers? 
Fig. 26. Explain the common steelyard in Fig. 26. 
Fig. 27. Also in Fig. 27. What is a balance, or pair of scales? Gi* 

some examples of levers of the first kind. 
Fig. 28. Explain Fig. 98. 
Art. 82.~What is a level of the second kind t What figure illustrati 

this? 
Fig. 29. Explain Fig 29. To what is the advantage gained by this lev< 

proportional? Give some examples of levers of the second him 
Art. 93.— What is a lever of the third kind? In what proporUon mui 

toe power exceed the weight in this lever? 
Fig. 30. Explain Fjg. 30. Give some examples of levers of the third 

kind. 
Art. 84r— What is a pulley ? How many kinds of pulleys are there ? 

What are they? What is a filed pulley? 
Fig. 31. Explain Fig. 31. What advantage Is gained by this pulley? 

What is the use of this palley? Upon what principle does the 

fixed pulley operate? 
Art. 85.— How does the movaahio pulley difler from the fixed pulley? 
Fig. 32. Explain Fig. 32. 
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. 86.— How can tlie power gained hy the use of the moveable pullej 
be ascartainedf What illustration of this is given f 

33. What does Fig. 33 represent? Expl^n it. 

.87. — Upon what principle do pulleys act? What advantage i) 
gained by l!ie use of pulleys and other mechanical powers? 
What are some of the practical uses of the pulley ? What is 
tackle and fall? la there any time or velocity gained by the 
power in the rnechanical powera! To what is the product of 
the weight, multiplied hy its velocity, always equal 1 What 
iB given? 
Art. 88— Of what does the wheel aod axle consist? What is a c 
der? What figures illi^rate the wheel and axle? Ex] 
To what is the advantage gained in propoicion? 
■ig. 34. What doee Fig, 34 repre'an E p n it 
fig. 35. What does Kg. 35 reprea E p R 

Art. 89.— Upon what principle a wh si d axle constructed ? 

Explain how. Upon wha p p n capstan ou board of 

vessels constructed ? O n does sisl 1 What other 

things are mentioned as d p his principle? Are 

wheels OH &$ffintial part to most machines ? Are they applied 
ill more than one wayt When they are affixed to the 
in what proportion is the power increased ? What are fly- 
wheels, and for what are they used ? How are they ma! 
revolve? When once set in motion, what causes them to i 
on for some «me? Of what service are they in a mach 

wheel ? How are they made ? 
rig.36. What doesFig.36 represent? Explain it. Forwliatarecr 

often used? How does the velocity of the wheel compare with 

that of the axle ? To what is this velocity in proportion ? 

any advantage taken of this in driving machinery where t. 

speed is to be increased or diminished ? How would rapid m 

tion ho produced? Slow motion? 
Rg. 37. Explain Fig. 37. What is the usual way of transmitting the 

action of the axles lo the adjoining wheels? What are the 

on the surface of the wheel called ? Those on the axle ? What 

Fig. 38. Explain Fig. 38. By what are wheels sometimea tun 
What figure represents one? In what way can the motic 
made direct or reversed ? 
Fig. 39. What does Fig. 39 represent? Explain it 
Tig. 40. What does Fig. 40 represent ? Explain il. In what way 

difibront directions be given to Iho motion produced by wheels ? 
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Fig. 41. What does Fig. 41 represpnt! Explain It 

Fig. 42. What does Fig. 43 repreBenl ? Espiaiii ie. 

Art. 90.— What is an inolined plaue 7 Whit figure represeats an 
clined piano ? 

Fig. 43. Eiplaia Fig. 43. To what Lb the advantage gained by the 

of the inclined plane in proportion? What follows from the 
greater or lees inolinaUon of the piano? Give some instances 
of tho application of the inclined piano. Is any time gained by 
the use of the inclined plane ? Upon what piinciple are chisels 
and other cutting instruments, which are sloped only on 
side, conetructed? 
91. — Of what does the wedge consist) 

44. What does Fig. 44 represent! Explain it. To what is tho ad- 
vantage gained by the wedge in proportion) Of what use 
the wedge) Give aorae eiamplee of the wedge. 

Art. 9».— Of what does the screw consist) Of how many parte is 
generally composed) What are they? 

Fig. 45. What figure represents the screw and the nut) Explain the 
figure. 

Fig. 46. How does Fig. 45 ditfer from Hg. 46) Is tJje screw a simple or 
compound power) How is the power of the screw estimated) 
How does the closeneES of tho throat afiect the power? What 
is the use of the screw? How can its power he increased? 
To what is the screw applied) What ia meant by friction in 
machinery) How many kinds of friction are there) What 
are they) How is the rolling friction produced) The eliding? 
Which is overcone with the less difficulty, the rolling or sliding) 
What allowance must always be made, in calculating the power 
of a machine ) What proportion of the power is usually com- 
puted to be destroyed by friction) Between which is friction 
the less, mlling bodies or those that slide) What causes fric- 
tion) In what proportion is it diminished) In what manner 
can it be lesaened ? What ia the use of wheels ? In what pro- 
portion do they overcome the obstacles, such as stones, &c., in 
the road ) Why, in descending a steep hill, are the wheels of a 
carriage often locked 1 How do castors, which are put upon 
furniture, facilitate the moving of it) How is the motion of all 
bodies iuBuenced) 

Art. 93, — What is meant by a medium) Give eiamples, 

. 94 To what Is the resistance of a medium in proportion ? What 

illustration is given ? When would a machine be perfect ? 

Art. 9S. — Of what does the main-spring of a. watch consist 7 What is 
its use ) Does the spring exert a stronger force when closely 
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coiled, or when partly loosened ^ What is done in order to e( 

root this inequality! 
Fig. 47. What does Kg. 47 repreBent I Explain it 
Art. 96.— What is a governor 1 

Fig. 48. Explain Fig. 48. What is said of the use of the gorernor 1 
Art. 97. — Of what does the knee-joint, or toggle-joint, conBist! In 

what propoilion does it increaxe in power ? 




Fig. 44. Fig, 4 
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Fig 49 What does Fig. 49 represent? EsplBJii the figure. G 
instance of the operaUon of the toggle-joint. Wliat Is 
in printing-presses 1 



. 98.— Of what does Hydroststios treat? 

. 99. — Wliat is a fluid 7 Does the attiaotion (rf coheaon have niaeh 
influence on the particles of fluids 1 What follows from this 1 

Akt. lOO.— How do fluids ditfer from liquids? Can water he com- 
pressed? What Is supposed to be theprimarj- cause of the fluid 
form of bodies? What effect has heat upon bodies? What 
illustration is given? Why do fluids gravitate in a more per- 
fect manner than Eohds? What is inferred from the slight 
degree of cohesion iii the particles of fluids? Why smo 
Why globular? Why cannot fluids lie formed into figures, or 
preserved in heaps? What do you understand by capillary 
attraction ? Explidn the leason of it. Explain why the si 
takes place in all porous substances. Explain all the circi 
stances attending the burning of a lamp. Explain the experi- 
ment with the glass plates. 

AttT. lOl. — What is meant by the level or equilibrium of fluids? Hav? 
all fluids a tendency to preserve this eqailibrium? What fol- 
lows from this? Of what is this level or etjailibrium of flnidi.' 
the natural result? How doss the gravitation of solid b< 
ddfer from that of fluidiB ? 

Aet. lOS. — Do fluids of diflerent denaties all preserve their own t 
librium? What illustration is given to prov* this? 

Art. 103. — Upon what principle is a water-level constructed? Of what 

Pg. 50. What figure represents a water-level ? Ex(dain the figure. 
Art. 104:. — In what iiiaunpr do solid bodies gravitate? What is t' 

centre of gravity? What oflbct has gravity on the particles of 

fluids? 
Art. 105. — How is the prBBsure of fluids oiorted? How long will the 

particles of fluids remain at rest ? 
Fig. 51. Eiplahi Fig. 51. 
Fig. 52, Whai does Fig. 53 represent ? Eiplain it If the equality of 

the pressure be undisturbed, what will follow? If the flui " " 

a^tated, when wiU it ^ain come to a state of rest? Hi 

the downward preraure of fluids shown ? The lateral pressure ? 

The upward pressure? 
. 1 06.— To what is the pressure of a fiuld in proportion ? In what 

direction is this pressure exerted? What illustrations are given 
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to prove this 1 Why oaii a bottle, filLed wifli water or any other 

liquid, be let down to any depth without iiijury? What 

perimenl is mentioned in the note? What opinion have ao 

philosopheis ejpreaaed 1 
r. lOT. — What cauHfa the lateral pieBsureJ What follows from iV 
Fig. 53. Explain Fig- 63. 

oeB the length or the width of the yefiee! in which a fluid 
itained have any eficet upon tlie lateral pressure? By 
is it affected I 
Art. 109> — How does the lateral pressure 

sel compare with the pressure d 

explain this 7 

Awr. I lO. — What causes tho upward and downward pressure ? 
Fig. 54. Illustrate this by Fig. 54. 
Art. 111. — Upon what does tho force of pressure depend? What it 

meant by the hydroslalic parados? What is the use of the 

hydrostatic bellows? 
Fig. 55. What figure represents the hydrostatic bellows? Explain tJ 

figure. What is the fundamental principle of Mechanics? 

this the principle of the hydrostatic bellows? 

FiB- 60. Fig. 51. 
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Art. IIS.— WhatfactismentionBdinlhianlinilwrmrBgard to thei 
sure of water? Upon what ptinoiple ia Bramah'a hydrosl 
press consttucted 7 

Fig. 57. What figure repreeenls tliia? Explain Iho tigure. To what 
uses IB this press appUcd ? 
, 113. — When will one fluid float upon another? 
. 1 1*.— What IB slated with regard to a body specifically hghtor 
[hanafluid? What illustraUon ia given of this? How do the 
epeoifio gravities of water and cork compare with each other ! 
UpoTi what principle is it that boats, Ehips, &c., are made to 
float open the water? What rules have been formed from tho 
knowledge of the specific gravity of water and the materials of 
which vessels are corapoBed ? 

Art. 1]S> — What standard has been adopted to estimate tho spt 
gravity of substances in general 7 Why could not metals 1 
been adopted? Why is distilled water used ? What bodiee will 
Kukwheu immersed in water? What will float? Vih: 
the weight of a cubic foot of water? What is the use of tho 
table? How does the specific gravity of living mon compare 
with that of water? Which ia the greater, the specific grav- 
ity of sea water, or of lakes and livore ? Why ? 

Art. 1 1 6. — How is tho specific gravity of bodies that will rank in watei 
ascettaiued 7 \Vhat illustration is given T 

Fig. 5a Explain Fig. 58. Why will gold weigh lees in the water than 
out of it? How does this upward pressure of the particles com- 
pare with the downward pressure of a quaiitity of water of the 
same dimensions? Whatfollows from this? What rule is given 
with regard to all bodies heavier than water that are immersed 
in itt What is the specific gravity of a body? What is the 
reason that a bucket of water, drawn from a well, is heaviei 
when it rises above the surface of the water, than while it if 
below it ? 
, 1 1 1. — How can tho specific gravity of a body tliat will not sink in 
water be ascertained ? What illuelration is given ? By whom 
was tho method of ascertaining the specific gravities of bodies 
discovered ? In what manner did he ascertain it' 
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Art. 119.— Of what does Hydraulics treat? What retards the molic 
of water? Why does the surface of a canal or river have 
greater velocity than any other part? 

AttT. 120.— Doea the fulness of a veesel, from (he orifice of which a fluid 
13 running, have any effect upon its velocity J 
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several orificea in llio side of 
11 to Che greatest distance? 

Art. 1 Xa— What eff«ct will a pipe, fitted t« an orifice, have with rega 
to the quantity discharged? What will be the etiect if the pi 
project Into the vessel) How can the quantity discharged 
through a pipe or orilice, be increased? Why will heat It 



latad? Whatie 
avea? What 1 



Art. 121. — What is said of the screw of Archimedes 1 

)1. Explain the use of the screw by Fig. 61. 
AftT. 1S9, — How are springe and rivnlets formadT 
Fig, 63. Eiplain Fig. 62. 

129— How high will a spring rise 1 
AsT. 130. — How are fauutalns farmed? How high will the waterspout 
through the ducts ? What prevents the fluid from rising to 
same height with the reseryoir? 
g. G3. Explain the method of making artificial reservoirs by Fig. 6 
Art. 131,— Whatistlieeipfaon? 
Fig. S4. What figure represents a siphon? Enplain it In what man- 
ner is the ^phon used 1 How can the siphon be ased to show 
the equilibrium of fluids? How high will the liquid rise in each 
eide of the aipbou J What is Tantalus' cap ? 
i5. What does Fig. 65 represent? Explain it. 
Art. 1S3. — How, and for what purposes is water used as a mechanical 
agent! How many kinds of water-wheels are there? What 
are thoy? 
133.— What is the overshot wheel? Where does it receive 
motion? 
Fig. 66. Explain Fig. 66. What causes the wheel to turn ? How di 

this wheel compare in power with the other water-wheels ? 
Anil. 134.— What is the undershot wheel! Where does it receive 
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Art. 135 — What is the brea 
68. What figure reprcsi 



PNEUMATICS. 

1 36 Of what does FuoumatieH treat T 

137. — What is the air which we breatho! How far doss it eitend 
above tlie surface of (he earth 1 Does it poasess properlies com. 
mon to liquids Iq geueraH How does its speeiiio gravity com. 
pare with that of water? Of what two priucipal iagredieiiti 
does the air consi^l What is the proportion of these parts to 
each other! 

Art. 13S> — What other Quids are named belougiug to the class of elas- 
tic Quids? 

Art. I3!>. — Have the air and other siioilar fluids weight? With what 
power aloue has heat to conteud in aerirorm fluids? 

Art. I40. — What two principal properties has the air J 

Art. 141.— What is the weight of a column of air one inch square at 
the base, and reaching to the top of the atmosphere? Is the 
pressure exerted equally in all directions? 

Art, 142.— What is meant by the elasticity of the air? How do the 
aeriform fluids difier from liquids T When Is the air said to bo 
f areiied T When condensed ) Is the air near tlie surface of 
the earth rare or dense ? 
143. — How does the air become a mechanical agent? 

Art, 1-44 — What is a vacuum? 

Art. l*fi — What is a barometer? What does the word barometer 
mean? What is a thermometer? What does the word ther- 
mometer mean? What is a hygrometer? What does the 
word hygrometer meant 

Fig. 63. What figure represents a barometer? Explain its conatrucljon. 
What height of mercury is the pressure of the atmosphere ca- 
pable of auEtaining? What eflect has the pressure of the at- 
mosphere ou the mercury in the tube? In what proportion 
does the mercury rise and fall? In what way can barometeis 
bo made of other fluids? Why is mercury used in preference 
to any other fluid? Is the air heaviest in wet or dry weather? 
Oil what priiiciple ia the pressure of the atnioaplierB on the mer- 
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cury, in the cup of a baron 
this? For what other purp 
of the atmosphere, and forel 



AMtNATION. 355 

er, eiorted? What foJIowB fron 
<, besides measuring the proseun 
ing the variadona of the weather, 
! air the nioie dense at the ear 
face of the earth or upon a hiin What is a thermometer? 
Tig. 70 What figure reprCBents a thennometerl Explain its couEtruc 
tion. What effect have beat and cold on moet substances? 
What follows fmm this? Whose scale is generally used in 
country? For what is the hygrometer used? Of what 
of subatanoea may it be constructed? What eipeiiraei 

Iho ground by the heat of the sun? 
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, 146 l3 Qir impenetrable, like olher eubstanees? H( 

shown? Upon what principle is the diving-bell const 
Fig. 71. Wliat figure represents tbe diviug-boIlT Why doe 
water i^ in the boll? Eiplain the figure. 



Art. 14T. — By wbat msaiiB is water raised in tha common pump? How 
is the pressure removed? 

Fig, 72. Whatfigurerepreaenislhecommonpump? Expli^n it Which 
of the mechanical powers is tbe handle of the pump ? Hon 
high can water be raised by the common pump? Whyl Why 
is the commou pump sometunes called the liftiag-pumpl 



Art. 148. — How doss the forcing-pomp difier iiom the comi 
;. 73. What figure represents the forcing-pamp? EKplaii 



Akt. 149.— What is wind? lu what two ways may the 
iu motion. How are the north, south, east, an. 



:. 150 — What is an air-pump? What is the vessel called from 
which thfi air ie exhausted? On what principle are all 
pumps eonairucled) Can a perfect vacuum ever be obtai] 
Fig. 74. Describe the sur-pump represented by Fig. 74. 

75. Describe Wightmaii'a patent lever ali-pump, represanled by 



. I i 1 . — Eipetimenta with the air-pump. 
Fig. 76. What does Fig. 7G represent? Eiplain the eiperiments that 
are made with them. 
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Fig, 78, 




rig. TD. 


What does Fig. 79 represent? Explain the eiperiraonts made 
with it. 


Fig. 80. 
Fig. 81. 


What does Fig. 80 rapreeentl Exidain its use. 

What does Fig, 81 represent, and what eiperimenta are mads 

with it? 


Fig. 82. 
Kg. 83. 


What does Fig. 83 represent? Explain its use. 

What does Fig. 83 represent? Explain Iho experiment made 

with it. 


Fig. 84. 
Fig. 85, 
Fig. 87. 
Fig. 88, 


What does Fig. 84 represent ? Explain its uso. 
86. Expli^n t}ie uses of Figures 85 and 86. 
What does Fig. 87 represent? Explain its use. 

are made with them. 


Fig. 90. 


What does Fig. 90 represent? Explain the experiments which 
may be made with it. 


Fig. 91. 


What does Fig. 91 represent? Explain the eiperunenls to be 
made with it 


Art 153.— What is that science called which treats of (he uatuce and 
laws of sound? What does it iuolude? 


this? 


Art. is 


*.— In what proportion are sounds loud or faint? Why does a 
boll sound louder hi cold than in warm weather? Why is 
sound fainter on the lop of a mouQtaUi than near the surface 
of the earth? 


Art. lS5.~What are soDoroua bodiesT 


Art. 156.-T0 what do Bonorous bodies owe their sonorous property? 
Are aU elastic bodiea_ sonorous ? 


Art. I«T — What causes the sound produced by a musical rtriugT 
Upon what does the height and deplll of the lone depend? 

tones? Why? 
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QUESTION3 FOR EXAMINATION. 

Fig. 93. Enplaiu Fig. 93. 

Aht. 158. — Upon what is the science of harmony founded? How ie 
the chord of an octave produced) How Is the chord of a 
f^t^h produced? How ia a musical chord produced? A dis- 
cord? 

Aht. 159. — Upon what does the quality of the EOund produced by stiings 
depend? Upon what does that produced by wind inntrumeut; 
depend? What strings produce the lowest tones? How maj 
different tones be produced from the Bamo striug ? How maj 
different tones be produced from the same wind inEtrument? 

Akt. 160> — What, in some degree, afleota the quality of the sound of 
all musical instruments? What effect have heat and col" 
the materials of which the instrument is made? What follows 
from this? Why are most muracal instcumentB higher m 
or sharper, in cold weather? 

Art. 161. — Through which is sound communicated more rapidly, and 
with greater power, through solid bodies, or the lur? How fast 
is it conducted by water ? How fast by solids ? What exam- 
ples are given to show that sound is conimutiicated more rap- 
idly through solid bodies than the air or fluids? 

Art. ie2.—What is a stethoscope? Of what does it consist? For 
what is it used? 

Art. 163. — How fast does sound move? Does the force or direction ol 
the wind make any difference in its velocity? What advan- 
tage results from this aniform velocity of sound 1 How 
(he distance of a thunder-cloud be ascertained ? 

Art 164. — How is an echo produced ? WTiy cannot an echo be I 
at sea, or on an eitensive plain ? How must a person sta; 
order to hear an echo? By what law is sound communicated 
and reflected? What anecdote is related of Dionysius? Upon 
what principle are speaking-trumpets constructed T Ei 
tiiB manner in which the vibrations of the air are reflected. 
Upon what principle are hearing-trumpets constructed! 
far does the musical instrament, called the trumpet, act upon 
the principle of the speaking-trumpet! How Can the continned 
souad, given by some shells, when held oear the ear, be ex. 
plained ? 

Art. 165. — Upon what principle may whispering-galleries he con- 
structed ? 
, 166. — In what way can sounds be conveyed to a much gteatei 
distance than throagh the air? What are the lubes, used U 
convey sounds, called? Why do the softer liinds of furniture 
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in a room alTect tlie quality of the somid ? What general rule 
ia given with regard to the redectioa of sound? Is the : 
better conductor when it is humid, or when it is dry? Why 
cun a Bonnd he heard better in the night than in the day? 
Art. 161. — How ie the Eonnd of the human voice produced? How 
are the tones varied and regulated ? Upon what does 
management of the voice depend? What is veutriloqui 
Was this art kuowii to the ancients? What is supposed, by 
some authors, concerning the responsee at Delphi, Bphes 
&C. ? Is ventriloquism a natural gift, or an acquired one ? 



1G8— What is Pyrouoraics? What is said in regard (o the i 
tuie of heat? Is it ponderable or imponderablB ? What ef- 
fect has heat upon bodies? What two forces continually & 
in opposition to each other? ' In whi^ can the eflect of he; 
be seen ? How does it separate the particles? What would 
be tbe effect wore the heat removed ? Upon what has hea 
the most remarkable effect? How does it affect it? Wha 
effect has heat upon air? Howie rain produced? What i 
stated with regard to boat? Can the progress of heat be ar 
rested? What is caloric I In what two states does heat exist 
What is tree heat ? Gice some examples of free heat. What 
is latent heat ? Give some eianiplea of latent heal. How are 
the terms heat and cold generally used? What illustration of 
this is ^ven ? 

Art. 169> — What are the three principal effects of beat on bodies to 
which it ia applied t Give an example of each. What are the 
sources of heat? 

Art. 1 T O.— In what way does heat tend to dilFuse itself ? Why do bodies 
of the same absoluta temperature appear to possess tUfferent de- 
grees of heat ? What illustration of this ia given T What ap- 
pears from this? 

Fig fiS. 



S^^ 
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ATtt. 171.— What causes the differencB iu the warmth of suhstances 
used for clothingl 

Abt. it 2. — III what two ways is heat propagated? When is it propa- 
gated by coaduotiou? When i» it propagated by radiation 1 

Art 1T3.--Do all bodies conduct heat with the same degree of facihijrT 
Wl C bod are th best conduclors? In what order do the 
mtl t d w th pect to their conducting power? Is wood 
a good d f boat? Why are wool, fur, &o., so effica- 

p g the warmth of the body? What ia rc- 

1 t d th w th regard to the condiicliug powor of 

h tl 

An n* — Wh b d fl t the heat? What bodies absorb the 

boat? Why do bright bodies, when placed near the fire, sel- 

or black cloth i. 
Art. 115. — What effect is produced on all bodies when violently com- 
pressed or extended 7 What experiments are here relalad to 



are incombustible? 

Art. ITIr-What is a pyrometer? Of what does it consist? Howdoes 
Wedgewood's pyrometer meaenre high temperatures! 

Art. 118.— What is the moat obyions and direct effect of heat on a 
body? What application of this principle is related in the 
note? What is said of the effect of heat and cold on glass? 
When hot water is suddenly poured into a cold glass, why will 
the glass crack ? When cold water is applied to a heated 
glass, why will the glass crack! 

Art. 1T9. — Is the expansion cansed by heat in solid and liquid bodies 
the same iu all substances? How do aeriform fluids differ, in 
this respect, from solid and liquid bodies ? Upon what does 
the expansion of solid bodies iu soma degree depeud? Why 
has heat more power over gasea and vapors? 

Am. ISO. — What effect has heat and cold upon the density of all sub- 
stances? What exception is there to tliis remark ? Why are 
the vessels, cootaining water and other aimjlar fiuids, so often 
broken when the liquid freezes in Ihein? Why does ice float 
upou the water, instead of sinking in it? What is stated in the 
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by llie 
eat fhe 

upon a bright 



r. 18S.— What becomes of the heat which is tliro 

or poliBhed eurface ? How do the angles of ii 

flection compare with each other? 
r. 183, — When is water oonvarted iuto eteam or yaj 
r. 184.— How does the temiierature of the stsam c 

of the liquid from which it is formed while it romaius iu coi 

with tliat liquid? 
r. 18S.— By what is the elasticity of Bteani increased and diminisl 

Upon what does tlie amount of pressure, which steam ex 

depend } 
p. 186> — What is the great and pecuIiBt property of eteam, on w 

c. 18T What 






1 88.~Hqw much larger 



a steam ocoupythan water? By 
what mode is eteam made to act? By what impulse does tlie 
piston rise? What causes the piston to deeceud? What im- 
provement did Mr. Watt introduce into the etaam-engine ? 
T. 93. What does Fig. 93 represent J What aro the ptuicipal parts? 
What does A represent? What does C represent ? What does 
B repr^eent? What does K represent? By what is the steam 
led off from the cylhider? What does L cepreaent ? What 
does O represent? What does M represent? What does N 
represent? What does R represent? Whon the valves are all 
open, what becomes of the steam? Whon the valvoa F and Q 
are closed, and G and P open, upon what does the steam prcea ? 
What does tho cylinder draw with it in its descent 1 Which of 
the mechanical powers is this worlting-beam ? What are a 
lached to this workiuj^-beam ? What ia their use? What b< 
ee oT the steam when the stop-coclts G aud P are closed, oi 
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F it»d Q are open? How in the regular and conti 
produced^ Tu what is this motion of the piston 
ted T What ia the uso of the air-pump M ? For what is (he 
aafety-Talv6 R used? 

Art. 189, — How is the power of a steam-engina expressed? What is 
ail engine of 100 horse power? 

Abti 190. — What are the principal forms in which the Bleam-ongino is 
coueltucied? How do they differ from each other? What bo- 
oomes of the' aleam after having moved the piston in (he iion- 
coudeuBJug eugines? What kind of engines is generally used 
on railroads? What becomes of the steam after having moved 
the piston in the oondeneiug euginea? 

Fig. 94. WhatdoeaFig.94repreaeuti What does A repreaent ? What 
does B represent T What does C represent? What does D 
represent? What does E represent? Whatdoes F repre 



What 



<a G G ri 



What 



Wha 



does K represent? What does LL represent? What does 
MM represent? What doea N N represent ? What does O O 
represent? What is said of the governor? 
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Art. 19«.— Of what dots Optics treat? Into what classes does the 
science ot Optics divide ali substances? What aie iumiuous 
bodies? Give an example of a luminous body. Wliat ar* 
(CBQspareut bodies? Give an example of a transparent body. 
What are translucent bodies? Give an example of a translu- 
cent body. What are reflecting aubstances? Give an exam- 
ple of a reflecting body. What are refracling substances? 
What ate opaque substances? What is light J What did Sn 
Isaac Newten suppose it to be? What other opinions have 
been formed concerning it? 

Art. 193.— Wliat isaray oflight? 

Art. 1»* — When are rays oflight said to diverge? 

Fig. 96. What does Fig. 96 represent! 

Art. 195. — When are rays of hghl called converging? What is the 
pointj at which conver^ng rays meetj called ? 

Fig. 97. What does Fig. 97 represent? 

Art. 19(1 — What is a beam of light 1 

Fig. 98. What does Fig. 98 represent ? 

Abt. 19T.— What is a pencil oflight! 

Art. 198.— What is a medium 

Art. 1 99. — In what manner do the rays of light proceed from terrestrial 
bodies! In what kind of tinea do the rays of light proceed from 

Art. 200. — In what way is light projected forward from any luminous 

body 1 With what rapidity does it move ! 

Art. «01 From what point, in a luminous body, does light radiate? 

Art. *0S. — How is a shadow produced? Why are shadows of different 

degrees of darkuess? To what is the darkness of a shadow 

proportioned, whea the shadow is produced by the interruption 

of the rays from a single lumiuous body? 
Art. 203. — What is said of the shadow of the opaque body when the 

luminous body is the larger 1 
Fig. 99. Explain Fig. 99. 
Art. 204. — What is said of the shadow of the opaque body wheu the 

luminous body is the smaller ? 
Fig. 100. Eiplain Fig. 100. 
Art. 20*' — How many shadows are producod when several luminous 

bodies shine upon the same object' 
Fig. 101. ExiJlaiii Fig. 101. 
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-. 206.— What is the consequence when rays of light fall upon ai 
opaque body which they cannot pass? What is meauC by the 
leaection of Ught I 

Akt. sot.— What is Catoptrics? 

Art. aOS— By what laws la light goyorned? How is light reflected 
when tC falls perpendicularly on an opaque body? How is it 
reflected when it falls obliquely? How do the angtes of inci- 
dence and reflection compare with each other ? By what light 

[s the Ei 
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Art. 209.— Why is the iiitsiiBily of light diminished every time it is re- 
flected? 

Art. !210> — Does every portion of a reflecting surface reflect an entire 
image of Ihe luminous body shining upon it T When the aun or 
moon shines upon a sheet of water, why do wo not see an im- 
age reflected from every porUon of the surface? Why do ob- 
jects, Boon by moonlight, appear fainter thun when seen by 
daylight? By what light doee the moon shine ? What absorbs 

Akt. all — How are all objeola seen? Why can iions bat luminous 
bodies bo seen in the dark 1 

Aht. aU.^What kind of an image is formed when rays of light, pro- 
ceeding from an object, euter a small aperture 7 

Fig. 103. Illustiale this by Fig." 103. What is a camera obseura ? How 
can a portable camera obscura be made? 

Art. 813. — How is the angle of vision formed ? 

Fig. 104. Explain Fig. 104. 

Fig. 103. What does Fig. 103 represent? What effect has the nearaeee 
of the object to the eyo. on the angle? liiustralo this by the 

Why do objects appear so large ? To what is the art of per- 
spective drawing indebted for its accuracy? 

Art. 2 1 !• — -How large an angle must a body euhtend to be visible ? 

Art. ai«.— When is the motion of a body invisible? Why is the mo- 
tion of the heavenly bodies invisible? Upon what does the real 
velocity of a body, in motion round a point, depend? 

Fig, 106. Explain Fig. 106. Why does Ihe velocity of both, to an eye at 
E, appear to be the same? 

Art, »16 — How many kinds of mirrors are there? What are plain 
mirrors? Do thoy magnify or diminiah the object? What are 
convBs roirrora? What part of a 6|)hero is a convei mirrorl 
What are concavB mirrors? What part of a sphere is a con- 
Fig. 107. In Fig. 107, which part of the sphere represents a convei mir- 
ror? Which part a concave mirror? Explain Ihe figure. 

Art. sit.— How does the image of an object reflected from a conves 
mirror compare with the object ? 

Fig. lOa Give the illustiation. 

Art. 2ie Wlial is the focus of a concave mirror? 

Art «l!>.~When an object is further from the concave mirror than Ihe 
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Art. 820. — If the object be placed between the mirror aud ihs focus 
how does the image compare with the object? 
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Fig. 109. Explain Fig. i09. Wliat peculiar properties havo concave 
mitrom? What facte are Btated with regard lo convex mirrors, 
aa resulting from the fundameutal law of Ciitoptrica ? What is 
said of parallel raysT What is sud of diTPi^ng rays? What 
is said of converging raya, when they tend towards the rocue of 
parallel rays? What is said of converging rays, when 
tend to a point nearer the surface thau the focus? What is 
said of converging rays, when they tend lo a paiut between the 
focus and the centre? What is said of ooiivec^ing rays, when 
they tend to a point heyond the centre 1 What is said of con- 
Tcrgiug raySj when they tend to the centre? What is said 
with regard to parallel rajs when reflected from a concave 
surface ? What is said ul convorg ng ravs f What is said of 
diverging r^ys, if they diverge from a focus of parallel rays ? 
What, if from a point Dearer to the suMace than that focus? 
What, if from a point between that fo.-us and the centre ? If 
from a point beyond the centre ' If Irom the centre? 

AaT. aai.— What is Dioptrics? 

Art. S»2.— What is meant hy the refraction of light ? When does this 

Abt. a»3 What Is a medium, in Optics? Give some examples of 

media. Id what proportion is a medium dense or rare ? 

Art. 22*.— What are the three fundamental laws of Dioptrics? 

Fig. no. Illustrate the first law by the line A B, in Fg. 110. Illustrate 
the second law by the line CB. Illustrate the third law by 
the line FB. In what proportion does the refraetion increase 
or diminish? Why does an oar or a stici, when partly im- 
mersed in water, appear bent? Why does the part which is in 
tho water appear higher than it really is ? Why does a body 
of water, when viewed obliquely, appear more shallow than it 
. really is? In what direction can we look so as lo cause no 
refraction? What eiperiraent is here related) 

Art. 2«B. — Why do we not see tho heavenly bodies in their real situa- 
tion? In what direction do we see (liem? What causes twi- 
light? Upon what does the duration of twilight depend? 
What other reason la given why we do not see the heavenly 
bodies in their trne situation? When does the refraction of 
light not afieol the appearance of the heavenly bodies? Why 
do the heavens appear bright in the daytime? 

Akt. *««. — What effect is pioiliiced when a ray of light pasres from one 
medium to another, and through that into the first again? 
Why does the refractive power of flat window-glass produce 
no effect on objects seen through it? 
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What 



be considered 1 



eliigle < 



single 



of fig. Ill repte- 
seutB a aiugle concave lens? What ]a a double convex leaa? 
What part of Fig. ill topreaeulB a double convex lens? What 
IB a. double concayo lens? What part of Fig. Ill repraaenta a 
double concave lens! What is a meniscus? What part of 
Fig. Ill represents a menlscns J What is tlie axiH uf a least 
What line in Fig. Ill ropresonla the axis of all the five 

Art. *S8.~What is stated with regard to the formof tho lenses? How 
is light refracted in paaaiiig from a racer to a denser medium ? 
How, in passing from a denser to a rarer? What must be 
considered in estimating the effect of lenses? Through what 
must a perpendicular, to any convex or concave surface, al- 
ways, when prolonged, pasaJ What is stated with regard to 



it is this equal 
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AftT. aaO — When parallel tays fall on a convex lene, which one Ib per- 
peiidicLtlai to its eiitface? How aro the other rays, falling 
obliquel;, refracted? What property of a convex lens givea it 
ita power as a bnming-glassT Where are all the parallel rays 
of the Ban, which pass thraagh the glass, collecled) How 
does tho heat at the focns compare with the common heat of 
the sun? What ia related with regard to tlie effects of lenses 
produced by hnming-glasses ? 

Ah,t. !J31. — What is the first effect related as resulting from the tawa of 
refiBction with regard to convex surfaces I What is said of 
diverging rays? What is Baid of rays converging towards the 
centre of convexity 1 What of rays converging to a point be- 
yond the centre of conveidty ^ What of rays converging to a 
point nearer the surface than the centre of convosity 7 When 
the raya proceed out of a denBor into a rarer medium, what 
occura? What is stated of parallel rays, proceeding from a 
rarer into a denser medinni, through a concave surface? What 
is said of diverging rays ? What is said of converging rays ? 
Of what ore the above eight principles the necessary conse- 
quence ? What is the reason that so many different principles 
are produced by the operation of theBe laws? 

AttT. 23«.— For what are doublo convex and concave glasses, or lenses, 
used in spectacles? What glasses are used when the eye is 
too flat ? What are used when the eye is too romid ? 

Art. a33.— Of what is the eye composed? What are the different 
parts of the eye? First? Second? Third? Fourth I Fifth? 
Sixth! Seventh? Eighth? Ninth? Tenth? 

Fig. 112. What does Fig. 113 roproaeni ? Explain the figure. 

Fig. 113. What does Fig. 113 represent? Explain the figure. What 
part of the eye does the cornea form ? Is its degree of con- 
vexity the same in all persons and all periods of life? What 
is its principal office I From what does the iris take its name ? 
What is the use of the iris ? What ia the pupil I What is its 
form in the human eye? How mnch more light is the pupil 
capable of admitting, when expanded to its utmost extent, than 
when most contracted? What is said of those animals which 
are said to see in the dark? What light, only, is of use m 
vision! What becomes of the light which falls on the iris? 
What is the aqueous humor! What is its form ? Of what use 
iait? Whatisthecrystallinelena? What is its office ? What 
is the vitreous humor? Why do persona eometimes experience 
pain when passing from a dark place into strong light ? What 
is the shape of the Titreous humor ! 
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F,g. 1 



, Explain Fij. 114. What is the i 
By what is its outer and imier s 



la? Wliatialhe choroid? 
iCB covered ) Wlial 
e pliilosophers with regard 
to the choroid? What is the sclerotica? From i 
derive its uamo 7 What is its office ' What are 
the sclerotica ? What is the optie nerve 1 
Art. sat- — What philosophical instrument doee the eye re 

Fig. iiS. Explain Fig. 115. Why do the ol^ects appear er( 

images are inverted? Why do we see only one image when 
an image is formed on both eyes? What are the defects which 
are remedied hy the use of concave and convex lenses? li 
what other way is the eye subject to imperfection ? Is then 
any remedy for (his ? By what is the convexity of the crys 
lalliiie humor increased or diiniuishedl What is ~ 
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AiiT. i:ir, What is a single microscope? \ 

croscope? Whal figure represeats J 

Fig. 116. Ejplain Fig, 116. What louses ha 
power? What louses have the shorl 



lenses] 
Fig. 117. Whal does Fig. 117 represent? Explain the figun 



n. — What is the solar microscope? Of what does it consist? 
By wliat, iu this microscope, are the sun's rays reflected, and 
upou whatT For vie wiug what objects, only, is the microscope, 
above described, used? How do Ihoae microscopes, used for 
viewing opaque objects, differ from thesel How is the image 
then formed? How is (he magnifying power of a single mi- 
croscope ascertained; Illustrate this. How is the magnifying 
of the compound microscope aecertaiued ? In Rhat proportion 
is the magnifying power of the solai microscope? Illustiate 
this. How may a leus be made to magnify or dimmish an 
obj.cH 



Art. 438. — What is the magic lantern? How are objecto, viewed by 
the magic lantern, generally represented? What figure repre- 

Fig, 118. Enplaiii Fig. 118. In what proportion will the wze of the 
image incroase or diminish? 



Aar, 239.— What is a. telescope? How many kiuik of telescopes ai 
there? What are they? What is a refracting telescope 
What is a reflecting telescope ? Why is the image of an ol 
ject, seen through a refracting telescope, less clear and perfei 
than when seen through a reflecting telescope? How man 
kinds of refracting telescopes are there? What are they 
How do they difier tlie one from the other ? 

Fig. 119. What does Fig. 119 represent? Expliun til e figure. 
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Fig. 120. What doee Fig, 130 represent? Explain the figure. 

Fig. lai. What does Fig. 121 represent? Explain the figure. Why ai 
mirrorB used iu retlec^ng telescopes? What is the use of til 
leas? What ia the advontsgo of the refloctiug telescope ? 

Art. 240. — What is ChtomaUos? What causes color? 

Art. 24:1.— Of what is light composed? How can these raye he sejii 
rated? By whom was this discovery made? 

Aht. 343.— What is a prism? How may a prism he made? 

Art. 343. — How many colors enter into the composition of light? What 
are they? Do these rays all have the same degree of refran| 
bihly? 

Art. 344. — What lakes place when light is made to pass through 
prism? 

Fig laa. Explain Fig. 122. Why do the red rays fall on the low? 
part of the screen ? What is supposed with regard to the n 
rays? What with regard to the blue, indigo, and violet ray, 
Why does the sun appear led through a fi^? Why does the 
sky appear of a blue color? What would he the appearance 
of the sky if the atmosphere did not reflect any rays? Is 
white E simple color? How is it produced? The spectrum 
formed by n prism being divided into 31)0 parts, how many of 
these parts does the red occupy? The orange) The yellow? 
The green? The blue? The indigo? The violet? What 
are the colors of all bodies? What appears from the eiperi- 
mcnla of Dr. Wollaston ? 

Art. 345— How is the rainbow produced? How is this proved ? First? 
Second ? Third ? 

Art. 346. — Upon what does the color of all bodies depend ? Of what 
color do bodies generally appear? When will a body appear 
of a compound color? Of what color wdl a body appear that 
reflects all the rays? When will a body appear black? Is 
color an essential property of a. body ? Of what color do bodies 
appear in the dark? Why do some bodies appear differently 
by candlelight T What is necessary to produce color? What 
eiperiments are related to prove the truth of the above? What 
rays does a body reflect iu the greatest abundance ? In what 
proportion does it reflect the other rays? Why do the green 
leaves of a rose appear to have a browil tinge ? What does 
the brightne£a and intensity of a color show? Why do some 
bodies change their color? 

.\itT 347. — What is a multiplying-glass? How many times will a& 
object, viewed through a multiplying-glaEs, be multiplied? 
What is the principle of the multiply ing-gl ass J 
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IS — Of what does the kaleldeecope consiiEtT Fiom what is 
wotJ kalcidescope derived, and what does it mean ? liy w 
was (he instrument invented 7 What is here said with re 
la the kaleideseope ? In what way does Optics treat of light? 
What is the thermal property of light 7 Arc IJie thermal prop- 
erties of the rays the same, or dilTerent in each color of (he 
prism 7 How do they differ 7 How do the chemical age 
difirir? Do those powers exist in all light, or in solar light only? 
Where is the greatest heating power found 7 Where the 
greatest chemical powort Where the greatest optical power? 
In what aro the chemical powers of light diown T Nam 
e^iperimeuts and explain them, Ejplain the art of Photography, 
or Heliography. By what name is it now knowu 7 How el 
are the chemical effects of light seen? 




Fig. lai. 






I P"~-— — . 
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QUESTION3 FOR E 



Art. 240.— What is electricity I How can electricity he seen ? How 
are these effects exhibited J What illustration of this is gii 
What is eiud of the surfaces which have acquired the power of 
attraction? What are eleotticsl What are non-electrics? 
Whit is stated with regard to the woiii electricity ? By w 
was this property first discovered 7 What is stated with regard 
to the nature of electricity? Whose and what opinion h 
adopted in this volume? When is a Bubataiice said to be 
positively nlcctrified ? When is it said to he negatively electri- 
fied ? What does positive electricity imply ^ What does iiega- 
Uve oleolricity imply? lu how many ways may electricity be 
excited t What are the difiereot kinds of electricity called ? 

Art. !IS0.— Into how many kinds does the science of electricity divide 
What are Ihey? 

Art. *S1. — What is said with regard to the communication of the elec- 
tric fluid from one substauce to another? Will all eubstam 
allow it to pass through them? What hodies are called ci 
doctors ? What bodies are called non-conductors ? What has 
been found, by experiment, with regard to electrics und 
electrics? What substances are electrics or non-conduc 
Why must these substances bo dry ? What eubataiicef 
non-eleoWics or conductors? What subelancee are menti 
as imperfect conductors? 

Ait. *S2.— When is a substance said to be insulated? Give 
examples. 

Art, SS3.-— When a communication is made between a conductor end 
ited surface, where is the electricity from the ex 
oe conveyed t When is it said to be cliai^d ? V 
eiisls by means of any conducting substi 
between a body containing more than its natural share of the 
fluid and the earth, what will become of the redundant quantity 
which the body possesses? What illustration of this is giv 
Wliat follows if this chMU of conducting Bubstancea be in 
rupted ? 
r. aS4.— What is the simplest mode of exciting electricity? What 

illustra^on of this is given ? 
p. aS5.— What is the electricity excited m glass called? Wl 
that obtained from resinous substances called ? 

Art. S3C.— What is slated with regard to positive and negiitive 
t follows when one side of a metallic, or 
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conductor, reoeiyeB the electric fluid? What follows when an 
electric ia preseiited to an electrified l>ody? Wbat folloivs 
when two eurfacea, oppositely electrified, are united ? 

Art. «5T — HowdoBiraili 
do dissimilar atat 

Art. 258. — For what is the Leyden jar used? 

Fig. 123, What does Fig. 193 represent? What is a Leyden jar? Whfit. 
is the Leyden jar said to be charged ? How can the jut be din- 
charged 1 Can an insulated jar be charged ^ 

Art. 250. — Of what is an electrical battery composed? How are the 
inner coatings of tbo jars connocted together? How are the 
outer coatings connected? In what way is the battery charged? 

Art. 260.— What Ib the jointed discharger ? 

Fig. m. What does Fig. 124 represent? Of what does it coaaiat? 



p. 36%. — In what way do metallic rods, with sharp points, attract the 
electric fluid? How can the electricity be made to paSB ofi' 
silently ? Upon what principle are lightning-rods conetruoti-d ^ 
When is electricity said to bs communicated by induction ? 



Art. S63.— Wbenia 
Akt. ae* — For whi 



tricity produced by transfer? 



I FOlt KXAMINATIfl 



How is the eiectricity axeited! Of what is the amalgam ootn- 
posedt Ip what form is the glass surface madol When is 
the machine called a plate machine T When is it called a cyl- 
inder machine ^ 

Fig. 125. WhatdoeaFig. 125repreBBut7 Eiplain the figure. Eiplain 
the operation of the machine. To what must the chain be at- 
tached when poeitifD electricity is required ? To what niuHt it 
be attached when negative electricity is wanted! What is the 
firat experiment menUoned with the electrical machine 7 What 
does th« word electrometer moan ? Of what does it sometimes 
consist! What is an electroscope! What is llie second ex- 
periment ! What is the third ! What does this show ! What 
is the fourth ! What is the fiftli I 

Fig. 126. What is the sixth ? What is the seveiith 1 How may the jar 
be filled with negative electricity! What is the eighth! What 
is the ninth 1 What ie the tenth! 

Fig, ia7. What is the eleventh! What is the twelfth? 



r. 285 — What is (he universal discharger! What is its use! 

. ISa WhatligDre i^presents it? Of what does it consist 7 Whai 
is necessary in using the aniveisal discharger? What is effect 
ed by this means! What ciperimenls are shown by meauE 
of the universal discharger 7 How must the substance bo placed' 
How may ether or alcohol be inflamed? 



Abt. see.— What are the electrical bells? 



Fig. 130. Explain the spiral tube. 
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382 QUESTroNs for EXAMivATiOJf. 

131. EsptaiQ the hydrogen pistol. 
Fig n2 What doBB Fig 133 represonf 
133 Explain Fig 133 

Explain expeTiment one 
Fig I'H Explain the eeiond experiment The thiri 
Fig 135 Explain the fourth eipenment. The hfth The sixth, l 
tevenlh What is lightning? What is thunder' He™ 
the aurora boreahs anppoaed to be caneed' How is the el 
tncity which a body manifeelB by being brought near to 
excitod body, without receiving a spark Ironi it, said te 
acquired 1 When an insulated, but unelectnfied conductor, 
IS brou^t near an innnlated charged conductor, what is 
with rcgdrd to the end near the eKCited conductor 7 \ 
example le given to illustrate this? Why are square 
better than round ones to conduct electricity silently to 
ground, and thus protect buildings from hghCnmg? Haw far 
beyond the rod di> ligbtiiuig-rods allbcd protection'' In what 
way are the most approved hghtiiing-rods constructed ! What 
IB ramarked with regard to the lemie negative and positive ? 
How can this be illustrated I What is said with regard to 
the time the elactric fluid occupies in its passage through its 
circuit? What example is given to show that the Quid prefers 
the best conductors^ In what different ways does the electric 
fluid sometiniPS pass lu thunder-Btormsl Why is it unsafe, 
dunug a thunder-storm, to take shelter under a tree, or to hold 
m the hand any edge-tools ' \^'hat position is the safest in a 
thunder-storm f When is there no danger to be apprehended 
from the lightning? By whom were lightning-rods first pn 
posed? Who first discovered that thunder and lightning ai 
the efiiicts of electricity 7 



ELECTRIC ITT. 

Akt. %<JT> — What is Galvanism? By whom and when was galva 

discovered 1 What led to the discovery ? How is electricity 
generally produced ? How is galvanic electricity produc 
How does the motion of the galvauic fluid, excited by galvi 
power, difl'er from that explained in the science of Electricity 7 
What bodies are most easily affected by the galvanic fluid? 

19.— How is the galvanic fiiiid or iiiflueiice excited? What 
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Art. 269.— Into what are the conductors of the galvauic lluid divii 
What flubstaiioea are perfect coudnclors? What Bubsta 
are imperfect eonductore? 

Art. 210.— What b neceesary in order to produce galvanic action? 
ST. 211. — Of what b the Bimplest galfanic circle composed? What 
procesa if nsnally adopted for obtainiDg galvanic electricity t 
Fig. 13G. UlustrdlB tliis fay Tig. 136. What effect will bo produced if, 
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aUBSTIONS p 

inetead of allowing the metallic plates Id como iuto direct 

iBct, the communication between them be effected by n 

How many parts are there in the above atraiigement? What 
are Iheyl Whal efiecl does the acid prodoce'l What is the 
electrical state of the zinc ) Of the copper f What are the 
aiTOWs in Fig. 136 designed to show T Where must the sub- 
elance, fo be submitted to the acliou of the fluid, be placed? 
What ia s^d of the electrical effects of a simple galvanic circle 1 
What eiamples are given illustrating the operation of simple 
galvajuc circles? 



r. XISi — Of what does the voll^c pile consist? 

Fig. 137. What does Fig. 137 represent? How may a voltaic pile be 
oonsttpcted ? Can auy other metal be used ? What art 
arrows in the figure designed to show ? 



Fig. 138. What do« Fig. 138 represent ! Of what does the voltaic b 
tery consist 1 How is the communication between the first a 
last plates made ? Where must the substance, which is to 
submitted to galvanic action, be placed ? How can a coinpou 
battery of great power be obtained ? 

Rg. 139. What does Fig. 139 tepreeeut? Of what does this battery ci 

BJstl How can the electric shock from the voltaic battery be 
received by any number of peiBons ? 



Fig. 141. Deaeribe Fig. 141. 
Figs. 142, 143. Deeoribe (he e 
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Art. 2T J. — What eiTootB may be produced by a spark from a vollait 
battery? What precaution is, taken in regard t« the lines of 
the circuit 7 

Art. 316. — In liowniany ways does the electricity produced by the gal- 
vanic or voltaic buttery differ from tiiat obtained by the ordinary 
electrical machine? What ie the first? What ia here in 
by intensity? How doea the' quantity of electricity obtained by 
galvanic action comjjare with that obtaiued by the mach 
To what may the action of the electrical machiiis be compared 7 
To what may the galvanic action be compared! What is the 
second way in which they dilFer? What ie the third? What 
is said in the note with regard to the tliitd circumBtance in 
which the electricity oMaJned by the ordinary electrical ma- 
chine difiers from that produced by the galvanic battery T What 
is said of the eifbcts of this continued current on the bodies 
subjected to its acliou! 

Art. 2T T.— On what doea the effect of the voltaic pile on the body de- 
pend ? What facia in common life doea galvanism explaio? 
On what does the efTscta of galvanic action depend 1 What are 
batteriea constructed of large platea aonietimea called? Why? 
Deecribs them. Upon what principle is the calorimotor ci 
elructed ? Are galvanic batteries of value 1 



Art. 2 1 8 — Of what does Magnetism treat 1 How many kinds of ra 
nets are there? Whatarethey? What is the native mi^u 
What property does it possess? What is an artificial magnet! 
What magnet is preferred, for all purpCBes ot accurate experi- 
ment ? How can Bn artificial magnet be made ? 

A»T. a7».— What iathefirstpropertyofthe magnet? Second? Third? 
Fourth! 

Art. aSO.— What ta meant by the polarity of a magnet T Where ii 
attractive power of a maguet the strongest? When w 
magnet assume a position directed nearly north or aouth? What 
is the north pole of the magnet ? What is the south pole ! ] 
what ways can a magnet he sapported so as to enable it 
manifest its polarity ? 

Art. 281. — How do the same and different poles of a maguet affsi 
each other? What is aaid with regard to the attraction 
magneta, whether naUve or arlifirilal ? Wiiat analogy ia Ihei 
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ttie magnet? 

Art. S88, — Can a magnet communicate its properties to other bodies 1 
To wlint Bubstancea, only, can these propertiea be conveyed 1 
Of what substances are all natural and artiiicial magnets, as 
well as the bodies on which they act, composed? How can 
the powers of a magnet be iucreased? What is a liotse-shoe 
maguet) How can it bo made to sustain a cousidsi 
weight? What is this bar called? How does soft iron I 
from hardened iron, with respect to its acquiring and losing the 
m^neUo power I 

Art. 383< — What eliect is produced when a magnet is broken o 
Tided I Why ia this a remarkable circumstaoce ? 

Art. 28*. — Where does the magnetic power of iron or steel wholly 
reside 1 In what particulars do magnetism and electricity n 
semWe each other? What is the first? What is the seooud 
What is the third 1 What is the fourth ? 

Art. 884.— What effect has heal on the power of the magnot 1 By 
what is the magnetic attraction dimiiiished ? What e^ct has 
electricity on the poles of a magnet! What effoct has elec- 
tricity sometimes on iron end steel } 

Art. 380> — Wliat proportion do the effects produced by two raagnetB, 
used together, bear to that of either, used alone ? What is 
meant by the incliDation or dipping of the magnet 7 

Art. 28T. — Does the magnet, when auepended, invariably point to the 
north and south points? What advantage has the science of 
magnetism rendered to commerce and Davigation? Of what 
does the mariner's compass consist? To whom is the invention 
of the mariner's compass usually ascribed ? How may the 
value of this discovery be estimated 1 
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, S88. — Where are the north and south poles of a magnet the n 
powerful? What effacl has a magnet on a piece of iron, wl 
it is brought Bufficiently near to it ? How are artificial roagneta 
made? Do«s [he magnet which is employed in magnetizing a 
eleel bar lose any of its power by being thus employed ? What 
is a magnetic magazine? How is a magnetic needle made? 
What is said with regard to a horae-Ehoe magnet ? How 
should a hoiBe-ahoe magnet be kept ? 

Art. !J89.— Of what does ElBCtro-Magneliem treat ? What is the elec- 
tric current? What does the science of electro- magnetism 
esplam? What Ih the difference between the currents m the 
single and the compound circles? What is it thought causes 
magnetic attraction? What discovery was made in the year 
1819? By whom? What further Siecovory was made soon 
after, and by whom? What does Ihie philtaopher mainlmn? 
How many kinds of electricity are there? How do the phe- 
nomena exhibited in these fire kmds of electricity differ? Can 
magnetism tie developed iu steel not preTioualy possessin 
Where must the steel be placed ? What property has the 



10. — What are the principal facte in connexion with the science 
of electro-magnetism? What is the ffrst? What is the sec 
ond? What is the third? What is the fourth ? What is thi 
fifth? What is the siith? What is the seventh? When 
have the bodies been supposed to he placed, in all the eSects o 
electricity and galvanism that hare hitherto been described: 
What is the eighth fact ineonaexion with the science of electro- 
magnetism? What is (he ninth? What is tlie tenth? How 
can the directton of the electric current be ascertained ? 



AtiT. 291. — If a magnet, be freely suspended, a 
he passed near 



What E 



s givsfl ! 



Ill what direction will Ui^ pole of the i 
tive end of the wire move, if the connecting wire be placed 
below the plane in which the needle moves, and parallel with 
il? Wliat is said with regard to 



TO sides of an unmaguetiied sleel needle 
1 the north and south polarity ! U 
will il become permHuenlly magnetic' 
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; FOR EXAMINATrON. 



e effect be ini 



Art. 901 — Hob 



Art. S9«.-— What is the eleclro-miiguelic rotution? What illustration 
is given 1 

Fig. 145. What does Fig. 145 repreaeiil! Esplain tha figure. How ia 
the fceedotn of motioa, wlilch is required on tlie wire, abtaiaed? 
How can t)ie metallic contact wliicli is required be obtained 1 
If the poles of a. Iialtery be connected with the horizontal ex- 
lemal wires, c c, throughont, what direction will tlio current of 
eiertricity takeT Round what pole will the moveable pait of 
the wire rotate ? Round what will (he magnetic pole rotate ? 

Fig. 14S. What does Pig. 146 reprBsent? Of what does it consist? 
How will the cylindera iu each revolya, if, instead of a bar- 
magnot, a horso-shoe magnet bs employed, with an apparatus 
on each pole similar to that which has now been described? 
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EXAMIN 


ATtO^. 




Art 


2»0— How may the magnctiii 
b<^ increased 7 1b a aing 
wire? 


e circuit 


of the connecting 


raight 


Fig. 


147. Explain Fig. 147. 








Art. a9T.-Wliat is a bar called tha 
do you HwartaiQ the poles 




How 


Art 


ass.— How have magnets of great powsr been formed? 


What 


Fig. 


146. Explain the hetiucal ring and Fig. 148 




Art 


209.-H0W are harH of the U form most 


readily magnelizoc 


. 



,C.o<,glc 




,t.oo<(k- 



Fig. 149. Eitpbiii Fig. 149. 

Art. 300. — Bxplfun tha electro-magnetic telegraph. 

Art. 301. — Of what dnea magiieto-elBctrieity treat? How are electric 
currents eicited T 

Fig- 150. Eiplain the magneto-eleotrie machine, Fig. 150. 

Art. 30*. — What is thermo-electricity? To what do the magneto owe 
thsir peculiar propertiee) What follows from this ? How many 
states of eluotrioity are there? What is said of that derived 
from the comuiou gleetrioal machiuo? What is aaid of that 
derived ftom the galvanic apparatus? What ia said of the 
thermo-electric currentH? 
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Pig. 150. 
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aUESTlONS FOR EXAMINATION. 



.0 be round? When 



■.305.— How may the planets be diatingniBhed from the Blars? How 
are the planets diHtrnguiehed from Ihe fixed etarsT What Ui 
the meauuig of the word planet? Why are they called plan- 
eU^ What are the fixed stars? What are the sun, moon, 
planets, and iixed GtatH suppDEed to be 7 Why do they appear 
BO email ? What hae been Blated with regard to the attractioa 
of portions of matter? Upon what force doea this attraction 
depend 1 What follows from attraction being mutual ? What 
direction do bodies take when actuated by several forces? la 
this true with regard to the heavenly bodieal What is the 
centre of the solar sysleral What is said of the revolution of 
the planets 1 

p. 303. — What are the paths in which the planets move around the 
Bun called? Around what do the planets revolve? What is 
a year on each planet? How long is the year of the planet 
Mercury? How long is the planet Venue performing her revo- 
lution around the sun ? How long is the earth performing her 
revolution around the sun? What is the length of the year on 
theplauBtMercuiy? Venue? Earth? Mara? Vesta? Juno? 
Ceree? Pallas? Jupiler? Saturn? Herechel? Neptune? 
Of what form are the orbits of the planets ? What is meaut 
by the mean distance? What planets are called inferior? 
Why? What planets are called superior? Why? What is 
the distance of the planet Mercury from the eun? Venns? 
Earth? Mars? Vesta? Juno? Ceres? Pallas? Jupiler? 
Saturn? Herschel ? Neptune? Have the planets any mo- 
tion besides that around the sun ? What is the time in which 
they tutu upon their axes called? What is the length of a 
day on the planet Mercury? Venus? Earth? Mars? Vesta? 
Juno? Ceres? Pallas? Jupiter? Saturn? Herschel? Nep- 



'T.— What is the diameter of the Sun? Mercury? Venus? 
Earth? Mars? Vesta? Juno? Cores? Pallas? Jupiler? 
Saturn? Herschel? The Moon? 
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)i OUESTI0N3 FOR EXAMI\ATIOX. 

g. 151. What doBB Fig. 151 represent? What ilfuslration of the cnm 
|)arative size und distance of the bodies of the solar system ii 
given f What is necessary in order (o imitate the motions o 

IT. 309 — What is the ecliptic? Why is it called the ecliptic t 

.T. 309 — What is the zodiac? Why Is it called the zodiac ? 

IT. 310— What are the names of the Iwelre constellations? How 

many dograes does each sign contain 1 
IT. 311— Are theorbilsof the other planets in the some plane wit! 

I. 152. What does Fig. )53 represent? What are the nodes of . 

planet? 
S- 153. What does Fig. 153 represent? 



i,_When is a p 


anet said to be in any particnlar 




.—What do the perihelion and aph 
express? When is a body said to he 
k a body said to be in its aphelion? 
earth to the sun in its perihelion than 
is a planet said to be in its inferior c 
said to be in its superior oojijunction ? 


elion of a heavenly body 
nits perihelion? When 
How madh nearer is the 
in its aphelion? When 
^junction? When ia it 
When is it said to be in 



♦• — What do the apogee and perigee of a heavenly body ejipress 1 
When is a body said to be in ila perigee? When is it said u 
be in its apogee ? 
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XAMINATION. 



1 what Eign is the pprilielion of (he planet Mi 
■ Earth? Mara? Vesta? Juno? Ceres? 
? Saturn? Gaorgium SiduB? 



Art. 31T. — What ia aald with regard to the motion of the heavenly 
bodies? When do they move with the greatest velocity! 
When Ib their motion the slowest ? 

Art. 318 What is Kepler's lawl 

Fig. 154- Illustrate this by Fig. 154. Explain, by Fig. 154, the reason 
why the earth, or any other heavenly hody, moves with a 
greater degree of velocity in its perihelion than in its aphelion. 
What is said of the motion of the heavenly bodies from peri- 
helion to aphehon? What is their motion from aphelion to 
perihelion? When js their velocity the greatest? How much 
longer is the earth in performing the aphelion part of ite orbit 
than the perihelion part? 

Art.319. — How much nearer is the earth to the sun in winter than in 

Art. 3aO — What follows from the inclination of the earth's axis, with 
regard to the direction of the sun's rays? When is the heat al- 
ways the greatest? What is said of oblique rays? What is 

Fig. 155. Illustrate this by Fig. 155. How is the earth situated with re- 
gard to its distance from the sun in winter? What illustration 
of oblique and perpendicular rays is given in ths note? Why 
is it generally cMKjIer early in the morning and late in the afler- 
n eon than at noon? Why is the heat the greatest at about 
three o'clock? What causes the variety of climate in different 
Darts of the earth ? Where does the sun always shine in a ver- 
tical direction ? What would follow were the asis of the earth 
perpendicular toils orbit? What causes the variety of the sea- 
sons, the different lengths of days and nights, &c.? Wiiat is 
necessary in order to understand the illusttation of the causes 
of the seasons? 

Fig. 156. Explain Fig. 156. What are the poles? Why is the circle IK 
called the tropic of Cancer? What is the meaning of the word 
tropic ? Why Is the circle L M called the tropic of Capricorn ? 
What are the tropics? What is the circle E F called 7 What 
does it represent? What is the circle G H called 7 What does 
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iSaS aUESTIO\'; 



Fig. 157. What does Fig. 157 reprwieut? Eipl hi n Iho figure, Explait 
by tho figure, the ffltuation of the earth on tho 31at of Juui 
What OBUSoe day and iiight? To what pari of the earth i 
it day? To what purl iB it night? To what is the length of 
the day in proportion? When are the days the longest? Why? 
When are they tho shortest? Why ? Explain, by the figure, 
the situation of the earth on the a3d of September. On the Sad 
of December. On the aOth of IWareh. What follows from 
the chauges on the earth, caused by the inclination of the 
earth's axis? Li what propottou are these changes? What 
ie euld of the axis of the planet Jupiter? Is it enpposed that 
the aun, planets, and stars are inhabited ? What ie tJiown by 
Fig. 157? Where are tbsse points! What are they called? 
Which is the vernal equino:( ? Which the antumnai? What 
oilier two points ate there? Why are they called Holstioes? 
WhE'te are these points? Which is tho summer solstice? 
Which the winter! 

Art. 3«1.— What is said of the sun? What is iU diameter! How 
much does its cubic magnitude aiceed that of the earth? How 
long is it in perlormiag its revolation around its axis? How 
has this been ascertained! What did Dr. Herschel suppose 
these npotn to he? What is tho zodiacal light? At what time 
ie it most disftucti Where is it constantly viable? 

Art. 332. — What planet i» nearest to the sun? Why is it seldom seen? 
What is said of the heat of this planet T How much greater i« 
the sun's heat in Mercury than ou the earth? In what form 
dofs water exist in Mercury! How can Mercury be recog- 
nised when seen! At what time does it appear? How docs 
Mercury appear when viewed through a telescope ? 

Art. 323."-What planet is neatest to the earth! When is Venus called 
the moruiug star? When is it called the evening star! How 
much greater are the light and heat at Venus than that at the 
earth ? What name was ^ven by the ancient poets to Venus, 
when morning star! What, when evening star ! What is the 
greatest distance at which the planets, Mercury and Venus, ever 
appear from the sun? What is meant by the transit of these 
planets? What is said of the different appearances which 
Venus presents? Why can we not see the planets and stars in 
the daytime? 

AttT ■■fit — What planet is next to Venus? What is the form of the 
earti)? How much larger Is its equatorial diameter than lis ' 
polar? How many moons has the earth? What is the diame- 
ter of themoon? WhatisitsdistaHoofromtbeearth? What is 
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r. 3«e.— What planet is noxt to the aarth? What readers it 

Bpicuoual What is supposed to cauae this ap]ieaiBiioe t How 
e light ajid heat does Iha earth enjoy than IV 



When 



e the a> 



year wae Vesta discovered? What is the color of its LghlT 
By whom and when was Juno discovered? What le tlie color 
of ita light? When was Pallas discovered? By whom? Wiiat 
iB said of its atmosphere? When and by wliotn was ( 
discovered? What is its color! What is said in the note 
regard to these planets? 
SST. — Which of the planets is the lai^eet? How much more light 
and heat does the earth enjoy than Jupiter? How n 
moons has this planet? What is the dialance of these rr 
from the planet? In what Ume do they perform their re 
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400 QUESTIONS FOB EXAMINATION. 

liana htouiuI the planet 7 How does the size of theee n 
compare with that of oura? Why has Jupiter no seneible 
aty of seasons? Of what use are the edipeee of Jupiter's mi 
How long is light in coming fiom the sun to the earth ? How 
has this besn aBCertained? How does Jupiter appear ' 
viewed through a telescope T 

Akt. 328. — How does Saturn compare in size with the other planets T 
How is Saturn distinguished from the other planets? What 
Ib Bald of these rings ^ How jnuch longer are these rings in 
performiog their cerolution around the planet than the planet is 
ia performing its rayolutiun on its axis? What is the breadth of 
theee rings? What is said of the surface of Saturn? How 
many moons has Saturn? How may Saturn be knowi 
Whatissaid fth n n fS urn? Why are they not oft 
eclipsed ? 

Art. 3S9. — How does U P " size with the other planets? 

How does 111 I gl ( a d h t t Uraaua compare with that of 
the earth? Bj wh m was ths planet discovered? What 
name did he gi t? H w m ny moons has Uranus? 
whom were th j d ed How are their orbits situated, 

with regard to that of the planet? What is said of their 
tion ? What appears to be a general law of satellites J What 
follows from this with regard to the appearances which tlie in- 

Abt. 330 — Who discovered the planet Neptune ? 

Abt, 331— What Is the meaning of the word comet? To what class ol 
bodies Is this name given? Of what do these bodies appear to 
consist? What is the number of comets that have occasionaUy 
appeared? What discoTeries have been made concerning E" 
tham? Wbat is the result? What is the form of the orbits of 
comets? W)iat is said of the motion of comets when in ■_ 
helion ? What did Nuwton calculate the velocity of the comet 
of 1630 to be in an hour ? For what was this comet rama " 
hie? What is said of the luminous stream of a comet . 
approaches and recedes from tlie sun? What did Newton, 
uiid same other astronomeis, consider the tails of comets to 
What is said in the note with regard to comets? Who ' 
the first astronomers that successfully predicted the return 
comet? What is the periodical time of Halley's comet ? Of 
Eucke's? OfBicla's? 
332.— Into how many magnitudes are the stars classed? Of what 
magnitude are the largest? Of what ate the smallast? What 
are telescopic stars? Why cannot the distance of the fixed 
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Akt. 333.— Wliat is the GalaiyT Of what is it supposed tu con 
How did tbe ancients divide the stursi What was the qui 
of constellatLone among the ancients? How many have I 
added by the moderns 1 



.1 globe? What 



of e 



now? Ulustral 
Why do we no 
their line s 



What 



diiEirenc 



stars, and other heavenly bodies, in 
taation? How can a star tie seen In its true si 
at is meant by the aberration of light? Wh 
necessary t« be taken hilo cousideratiou, in determiniug 
true place of the celestial badit!«? What ofFect has this prop- 
erty of the atmosphere on the length of the days ? 



Art. 3»4.— What 



le parallax of a heavenly bodyl 



Akt. 335> — Is iho moon a pnmary or secondary planet? How lon« 
is It iu performing its revolution about the earth ^ What is its 
distance from Uie earth} What is the most obvious fact in 
relntioa to the moon 1 How is this caused ? What kind of a 
body is the moon 1 By what li^t does it shine ? 
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Fig, 
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159 


Explain Fig. 159. How does the moon appear when viewed 
through a telescope? What causes the differenoo in the rising 
of the moon ? What Is the mean difference in the rising of the 
moon? What is the hanreat moon? What is the hunter's 
moon? When are ihe moons always the most beneScial ? 


Art 


Sae— What are tides? By what are they oocaatoiied? 


Fis- 


60. 


Explain the theory from Pig. 160. What Is the greatest dis- 
tance of the moon from the equator? Where are the tides 
higbeatT Why? Has the sun any efiect on the tides ? What 
are spring tides? When do they occur? 


Fig. 


fil. 


What are neap tides? When do they take place? 


Akt 


33 T.— What is an eclipse ? When does an eclipse of the sun take 
place? When does an eolipso of the moon take place? What 
is necessary at the time of an eelipso ? How often would there 
be an eclipse, if the moon went round the earth la the same 
plane in which the earth goes ronud (he sun? Why? What 

is the apparent diameter of Ihe sun and moon ? What follows 
from this! When is the sun eclipsed? When the moon? 
Does an eclipse happen every time there ia a full or new 
moon! What must the shadows of these bodies always be 7 
Why? 


Fig. 


m. 


F.(ijlain Fi(t. 169, When is an eclipse called tiunular ? 
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Gillespie's Manual of Road-Making. 



ROADS AND RAILROADS. 

A MANUAL OF ROAD-MAKING: 

Comprising the principles and practice of the Location, Construo- 

tion, and TmproveDient of Roads, (comnion, macadam, paved 

plank, &c.,) and Railroads. By W. M. Gillespie, A. M., 

Professor of Civil Engineering in Union College. Price $1.60. 

Recommendation front Pfofesior JUo&im. 

I have lery carefully looked over Professor Gillespie's Manual of Road- 

Makinf. H is. In all respects, the best wgrk on this subjecl with which I am oe- 

lons in any way engaged in Che construction or supervision of roads. The ap. 
pearance of such a work, twenty^ears earlier, would hjtvc been a truly national 
Ijenefit, and it ts to be hoped that its introduelion uito our seminaries.may I* »o 
general as to make a knowledge o( the principles and practice of this branch at 
engineering, as popular as is its importance to all classes of Hie community. 



From a Rtporl of a CcTiaiitUi of Iht Anurican Inililult. 
This work contains tn a condensed form, all the principles, both ancient and 
modem, of this most important art t and almost ererj thing useful in the great 

mass of writers on this subject. Such a work as this performs a great 

seryioe for those who are destined to construct roads— by showing not only what 
ought to be done, but what ought not to be done ; thus saving Immense outlay of 

mend it to the public. 

The views of the author are sound and practical, and should be read by Iha 
people ttiroughout the entire length and breadth of the land. . . . We recom- 
mend this Manual to the pemsal of every tax-payer for road-making, and to Uie 
young men of the country, as they will And useful information in relation to each 
department of road-making, which will surely be uscfiil to tiem in after-liite. 

Front SiUmcit'i Amrritm Joumat of Seirnce. 
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lould be 01 






tact that the author is a great pubUc benefactor. 








From Ihi Jo-mal «f Ihi FrmkliTi InililiU. 




■mis small volume contams much valuable matter, derived f 






nt of inform 




luenliy m.i. 


ud roadi are badly iMated and badly coiislru.iled by persons ignnri 


uitorihch 
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